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The  Airworthiness  and  Flight  Characteristics  Test  of  the  YAH-64  helicopter, 

(USA  S/N  77-23258)^88  conducted  <between  12  May  and  19  August  1982.  -j  Seventy 
flights  and  70.4  productive  hours  were  flown.  Performance  testing  assessed 
the  probability  of  meeting  the  production  contract  requirements  and  consisted 
of  an  evaluation  of  hover,  takeoff,  level  flight,  forward  flight  climb  and 
autorotatlonal  descent  performance.  Handling  qualities  testing  determined 
compliance  with  selected  research  and  development  contract  requirements  and  , . 
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Included  standard  stability  and  control  tests ,  an  evaluation  of  slope  landing 
characteristics  and  Instrument  flight  capability.  Additional  teats  included 
evaluation  of  an  uprated  engine  and  an  external  noise  survey.  The  YT700-GE-701 
engines  provided  a  significant  Increase  In  power  available,  compared  to  the 
YT700-GE-700R  engines,  and  proved  very  reliable.  Hover,  verticl  climb  and 
level  flight  performance  was  significantly  improved  by  the  YT700-GE-701 
engines.  The  YAH-64  now  meets  the  performance  requirements  of  the  system 
specification  for  the  production  program;  the  vertical  climb  and  maximum 
level  flight  cruise  speeds.  Slope  landing  characteristics  were  satisfactory 
up  to  9  degree  lateral  slopes  and  10  degree  longitudinal  slopes v-'The  automatic 
contingency  power  feature  of  the  YT700-GE-701  engines  is  an  enhancing 
characteristic.  One  deficiency,  the  possibility  of  a  false  indication  of  a 
dual  engine  failure  in  the  event  of  a  single  engine  failure,  has  not  been 
adequately  corrected.  Five  previously  reported  shortcomings  have  been 
corrected.  Three  additional  shortcomings  were  identified. 
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SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Development 
and  Qualification  position  on  the  subject  report.  The  objectives  of  this 
evaluation  were  to  assess  the  performance  and  handling  qualities  of  the  YAH-64 
incorporating  YT700-CE-701  engines.  Performance  testing  was  conducted  to 
assess  the  probability  of  meeting  the  production  contract  requirements  and  to 
provide  data  for  preparation  of  the  operator's  manual.  Handling  qualities 
testing  was  accomplished  to  determine  compliance  with  selected  research  and 
development  contract  requirements.  Due  to  schedule  restraints,  the  A&FC  test 
program  was  divided  into  three  parts,  of  which  this  is  the  third. 

2.  This  Directorate  agrees  with  the  report  conclusions  and  recommendations, 
with  the  exceptions  identified  herein.  Dispositions  of  redesigned 
subsystems/coinponents  affecting  the  conclusions  are  also  identified. 

Conclusions  are  discussed  by  paragraphs,  as  indicated. 

a.  Paragraph  73c.  The  limited  slope  landing  evaluation  conducted  during 
chis  A&FC  has  shown  that  large  fuselage  roll  attitudes  can  be  reached.  The 
narrow  main  landing  gear  width  (6.66  feet)  designed  to  accommodate 
transportability  requirements  is  the  major  factor  contributing  to  the  high  roll 
attitudes  achieved.  Other  factors  include  assymetric  loadings,  improper  strut 
servicing,  and  improper  tire  inflation.  This  test  was  conducted  under 
controlled  conditions  where  the  slope  angles  had  been  measured,  struts  and 
tires  serviced,  and  test  instrumentation  installed.  This  would  not  be  the  case 
in  operational  use.  In  the  interest  of  flight  safety  the  AH-64  will  be  limited 
to  landings  on  lateral  slopes  up  to  8°  and  fuselage  roll  attitude  should  be 
limited  to  10°  as  determined  by  the  attitude  indicator.  Additionally, 
successful  aircraft  shutdown/startup  must  be  demonstrated  under  these 
conditions.  The  Program  Manager  has  requested  the  user  to  rewrite  this 
requirement.  The  user  is  in  the  process  of  amending  his  requirements  for  slope 
landings  to  8°  lateral  and  10®  longitudinal.  One  of  the  governing  factors  is 
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the  capability  of  ground  support  vehicles  to  operate  on  these  slopes,  which 
they  cannot  accomplish  at  current  specification  values.  On  receipt  of  the 
approved  material  need  (MN)  changes,  the  AH-64  specification  will  be  changed. 

b.  Paragraph  73.  The  power  turbine  speed  (Np)  engine-out  warning 
threshold  was  reduced  from  89%  to  86%  for  this  test.  This  change  was  not 
successful  in  correcting  this  previously  reported  problem.  Hughes  Helicopters, 
Inc.  (HHI)  is  currently  evaluating  a  modification  to  prevent  a  false 
indication  of  a  dual  engine  failure  by  inhibiting  the  Np  warning  as  long  as  the 
engine  is  producing  significant  torque.  This  system  would  require  both  Np  and 
torque  to  be  low  in  order  to  activate  the  engine-out  warning  system.  Such  a 
system  should  provide  a  timely  warning  of  an  engine  failure  without  the 
possibility  of  a  false  indication  of  a  dual  engine  failure.  The  overall 
situation  is  considered  a  questionable  deficiency  because  there  are  no 
significant  differences  in  what  the  pilot's  Immediate  actions  should  be  in  this 
situation. 

c.  Paragraph  76a.  The  incorporation  of  a  collective  anticipator  system  is 
under  consideration  to  minimize  main  rotor  speed  droop  during  power  application 
from  a  zero  torque  condition.  General  Electric  is  currently  evaluating  the 
data  to  determine  what  action  may  be  taken  to  correct  the  engine/airframe 
oscillation  noted. 

d.  Paragraph  76e.  The  Environmental  Control  System  has  been  redesigned  to 
incorporate  a  revised  flow  distribution  and  airframe  sealing.  These  changes 
have  been  incorporated,  tested,  and  should  alleviate  the  shortcoming. 

e.  Paragraph  76k.  The  production  configuration  incorporates  thermal 
lockout  switch  improvements  in  the  filter  assemblies  which  should  eliminate  the 
faulty  activation  noted  during  this  test.  Additionally,  the  production 
configuration  will  provide  assemblies  with  twice  the  effective  filter  area,  to 
decrease  the  pressure  drop  across  the  filter,  and  an  improved  filter  bypass 
button  system. 

f.  The  position  of  this  Directorate  concerning  the  remaining  previously 
reported  shortcomings  is  specified  in  EDT-4  and  A6FC,  Part  1,  and  remains 
unchanged . 

3.  This  Directorate  concurs  with  the  recommendations  presented,  with  the 
exception  of  paragraphs  78 f  and  78g.  The  Directorate  position  concerning  these 
recommendations  is  specified  in  paragraph  2a  of  this  letter. 

4.  The  installation  of  the  YT700-GE-701  engines  provided  s  significant 
increase  in  power  available  compared  to  the  TY700-GE-700R  engines  used  during 
previous  evaluations.  Significant  improvements  were  noted  in  hover  and 
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vertical  climb  performance  and  in  maximum  level  flight  airspeed.  These 
improvements  have  resulted  in  the  AH-64  flight  performance  requirements  now 
being  achievable. 

FOR  THE  COMMANDER: 


CHARLES  C.  CRAWFORD*  JR. 
Director  of  Development 
and  Qualification 
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INTRODUCTION 


BACKGROUND 

1.  In  June  1973,  the  United  States  Army  Aviation  Systems  Command, 
since  renamed  the  US  Army  Aviation  Research  and  Development 
Command  (AVRADCOM),  awarded  a  Phase  1  Advanced  Development 
Contract  to  Hughes  Helicopters  Incorporated  (HHI),  The  contract 
required  HH!  to  design,  develop,  fabricate,  and  initiate 
a  development/oualification  effort  on  two  Advanced  Attack  Hell* 
copter  prototypes  and  a  ground  test  vehicle  as  part  of  a 
Government  Competitive  Test.  The  United  States  Amy  Aviation 
Engineering  Flight  Activity  (USAAEFA)  conducted  Development  Test  I 
(ref  1,  app  A)  using  two  of  these  aircraft.  In  December 
1976.  AVRADCOM  awarded  a  Phase  2  Engineering  Development  Contract 
to  HHI  for  engineering  development.  Engineer  Design  Tests  (EDT)  1 
and  2  (refs  2  and  3)  were  conducted  by  USAAEFA  to  evaluate 
development  progress.  In  December  1980,  USAAEFA  conducted  EDT  4 
(ref  4)  to  evaluate  the  performance  and  flight  handling  charac¬ 
teristics  of  a  new  empennage  configuration.  In  December  1980 
and  January  1981  USAAEFA,  in  conjunction  with  the  US  Army  Aviation 
Development  Test  Activity,  conducted  EPT-5  (ref  5)  to  assess 
the  integrated  operation  of  all  YAH-64  subsystems.  AVRADCOM 
requested  USAAEFA  to  conduct  an  Airworthiness  and  Flight  Charac¬ 
teristics  (A&FC)  test  following  incorporation  of  as  many  produc¬ 
tion  changes  as  practical.  Part  1  of  this  A&FC  test  (ref  6)  was 
completed  on  17  Julv  1981  and  Part  2  (ref  71  was  completed  on 
17  December  1981.  USAAEFA  was  tasked  to  conduct  the  remainder  of 
this  A&FC  during  May  through  July  1982  (ref  8).  A  test  plan 
(ref  9)  was  submitted  in  Januarv  1982  and  an  airworthiness 
release  (ref  10)  was  issued  in  April  1982. 


TEST  OBJECTIVES 

2.  The  objective  of  this  A&FC  was  to  complete  the  Prototype 
Ouali ficatlon  Test-Government  (POT-G),  Part  3  and  to  conduct  ? 
Production  Validation  Test-Government  (PVT-G).  The  specific 
objectives  of  each  test  were  as  follows: 

a.  The  objective  of  POT-G  was  to  evaluate  the  YAH-64  with 
the  YT700-GE-701  engine  relative  to  handling  qualities,  slope 
landings,  and  an  external  acoustical  noise  survey. 

b.  The  objective  of  the  PVT-G  was  tc  obtain  hover,  takeoff, 
forward  flight  climb,  level  flight  and  autorotational  descent 
performance  data  of  the  YAH-64  with  the  YT700-GE-701  engine 
for  operator's  manual  preparation. 
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DESCRIPTION 


3.  The  YA1I-64  (USA  S/N  77-23258)  is  a  two-place,  tandem  seat, 
twin  engine  helicopter  with  four-hladed  main  and  anti  torque 
rotors  and  conventional  wheel  landing  gear.  The  helicopter  is 
powered  hv  two  General  Electric  (GK)  YT700-GE-701  turboshnft 
engines  which  replace  the  YT700-GE-700R  engines  used  on  previous 
evaluations.  The  YAH-64  has  a  movable  horizontal  stabilator  with 
three  modes  of  operation:  Manual,  Automatic  and  Nap-of-the~earth 
(NOE)/Approach.  A  30mm  gun  is  mounted  on  the  underside  of  the 
fuselage  below  the  front  cockpit.  The  helicopter  has  a  wing  with 
two  store  pylons  on  each  side  for  carrying  HELLFIRE  missiles, 
2.75-inch  (in.)  folding  fin  aerial  rockets  or  external  fuel  tanks. 
Further  description  of  the  helicopter  may  he  found  in  the  system 
speci  fication  (ref  11,  app  A),  the  operator's  manual  (ref  12), 
and  appendix  B. 


TEST  SCOPE 

4.  Flight  testing  was  conducted  at  Yuma  Proving  Ground,  Arizona 
(elevation  800  feet),  and  Bishop,  California  (test  site  elevations 
of  4120  feet  and  9980  feet).  Tests  were  conducted  during  the  period 
13  May  1982  through  19  August  1982.  Seventy  test  flights  were 
conducted  for  a  total  of  70.4  productive  flight  hours.  HU  I 
installed,  calibrated  and  maintained  the  test  instrumentation 
and  performed  all  aircraft  maintenance  during  the  test.  Flight 
restrictions  contained  in  the  airworthiness  release  issued  by 
AVRADCOM  and  the  operator's  manual  were  observed  during  this 
evaluation.  Performance  testing  was  conducted  to  assess  the 
probability  of  meeting  the  production  contract  requirements. 
Handling  qualities  and  other  tests  were  conducted  to  determine 
compliance  with  selected  research  and  development  contract 
requirements.  Specific  test  conditions  are  presented  in  the 
Results  and  Discussion  section  of  this  report.  All  tests  were 
flown  by  a  USAAEFA  crew  consisting  of  two  test  pilots.  Where 
possible,  flight  test  data  were  compared  with  the  system  specifi¬ 
cation  for  the  AH-64  production  program  (ref  11,  app  A)  and 
results  obtained  during  previous  evaluations. 


TEST  METHODOLOGY 

5.  Established  flight  test  techniques  and  data  reduction  proce¬ 
dures  (refs  13  and  14,  app  A)  were  used  during  this  evaluation. 
Test  methods  are  briefly  discussed  in  the  Results  and  Discussion 
section  of  this  report.  Flight  test  data  were  obtained  from 
calibrated  test  instrumentation  and  were  recorded  on  magnetic 
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tape.  Real  time  telemetry  was  used  to  monitor  selected  parameters 
throughout  the  flight  test  program.  A  detailed  listing  of  the 
test  instrumentation  is  contained  in  appendix  C.  Test  techniques 
and  data  analysis  methods  are  described  in  appendix  D.  The 
Handling  Qualities  Rating  Scale  (HQRS)  and  the  Vibration  Rating 
Scale  (VRS),  shown  in  appendix  D,  were  used  to  quantify  pilot 
comments. 


3 


RESULTS  AND  DISCUSSION 


GENERAL 

6.  Performance  and  handling  qualities  tests  were  acconpl isbed 
during  this  rest  prograa  to  evaluate  the  YAH-fei  with  the 
YT700-CE-701  engine  Installation.  Performance  testing  was  c — 
ducted  under  the  production  contract  requirements  and  consist  - • 
of  an  evaluation  of  hover,  takeoff,  level  flight,  forward  flight 
climb  and  autorotat tonal  descent  performance.  Handling  qualities 
testing  was  acconplts'  *d  under  the  research  and  development 
contract  requirements  and  included  Standard  stability  and  control 
tests,  an  evaluation  of  slope  landing  characteristics  and  an 
evaluation  of  Instrument  flight  capability.  Additional  tests 
Included  an  engine  evaluation  and  an  external  noise  survey.  Test 
conditions  are  shown  In  tables  i  and  2.  The  YT700—CE-70 1  engines 
provided  a  significant  Increase  in  power  available,  a*  r.c: 
to  the  Y  T  700-CE-70OR  engines,  and  proved  to  be  v«rv  reliable 
throughout  the  test  program.  The  hover,  vertical  clist  *nd 
light  pe  r  t  "  r  -i.tncf  w  is  significantly  improved  by  the  YT' 
engines.  The  now  meets  two  of  the  performance  require-*  ’  - 

•  ’f  the  *•"?.  spec  l  f  I  cat  ton  for  the  production  pro»--.»r  .. 

at>p  V) ;  the  vortical  climb  and  maximum  level  flight  cruise  speed  - . 
Slope  landing  eh i rac t e r l st i cs  were  satisfactory  up  to  *  decre- 
lateral  slopes  and  l  >  degree  longitudinal  slopes.  The  auto-.,: t 
eont Ingcncv  power  feature  of  the  TT700-CE-70I  engine*  l*  a- 
enhancing  ir  »ct**r  1st  lc  .  <*rve  previously  reported  deft  • 
the  posslhllltv  o*  ,  false  indication  of  a  dual  enel-e  fas’  •- 
in  the  cvnt  of  i  slrele  engine  failure,  still  renal-o. 
p rev t  oiis  l  s-  repot  tc.l  . tio r : com l ngs  have  been  corrected,  h ••  • 
three  additional  s  '•<>  r  r  oinl  ngs  were  identified. 


VKRKORw  \\<’v 
Gene  ra  1 

7.  >V  r !  orn.mre  tligbt  testing  was  conducted  at  test 
o !  ov.it  ions  or  ^  .  -.17'.  and  9QS0  feet.  Tests  included 

takeoff,  forward  flight  cllnb,  level  ftlght  and  autornt  at  : i  ’ 
per  to:  nance.  .e-t  results  from  Parts  1  a-!  7  :  :  •  - 

overall  i.sKG  test  ir  -  Included,  as  appropriate,  sine**  -a  -  •..>«:  •. 
were  conducted  to  extend  the  range  of  the  previous  dita. 
minor  refinements  to  the  faired  curves  through  the  rreviu- 
hover  and.  level  flight  data  were  made*  Vertical  climb  per:  <rr.<.  . 
calculat  ion.-,  wore  als..  revised.  Power  available  and  fuel  :  1  ow 
character  1  st  i  cs  Pa-  the  YT700— C.E-701  engine  ver**  provided  pv 
AVKAhCO'l  ;ref  Is,  app  A>.  This  data  assuaes  no  difference  hr:.-..,':: 
the  left  and  right  engine  and  was  derived  from  the  C--.  cor — u:t.-r 
program  deck  number  SIGo',  dated  9  Mav  19S2,  using  in.stal  lat  h>- 
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206.0  (AFT) 


Average 
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h-HfcLLFTKF  j  To  sides U 

H^nrrrrrKt  r  s^rh  utt  a 

Aarcget rlc  ^ 

b-HKLLFIKF 


205.4  (AFT) 


Control lability ^ I  14.880 


Slope 

Landing 

Characteristics 


Power 

Management 


Vibration 
Charactarlat tea 


■■a  1  nil  a  < 1  >11 


205,  b  (AFT) 


205.6  (AFT) 


l  ■»«»  l  a  t  e»l  1  ns  t  rem 
metrruloa  leal 
rood! 1  Iona 


j  Hover,  low  speed 
^Mt.Ll.F  IRE  1  at.d  forward  flight 


>AH  tes  ta  at  *00X  main  rotor  speed  (289  KFM),  Digital  Auroras  tit  StuMllint  1,*n  \f, 
OFF  except  a*  noted.  Lateral  eg  at  buttline  O.ft  lett  except  as  noted. 

2FS  -  Fuselage  Station.  Maximum  forward  eg  limit  of  FS  201  imat tal naM-  due  •  > 
^H-HKLLFIRE  on  left  wing  only  simulating  a  a  vane  t  r  l  c  lett  Ison  1 1  .>«»  ’n-.;r  *>  , 

7.0  left. 

^KIAS  -  Knots  Indicated  airspeed 
*>DASP.  ON  and  OFF 

bci  ean  ronf lgur at  Ion  with  outboard  pylon*  installed 
?DASE  ON  and  OFF;  ATTITUDE  HOLD  ON  and  OFF 

*DASF.  ON  and  OFF;  ATTITUDE  HOLD  ON  and  OFF,  Hover  Augmentation  Svat*-*  'N  i>f 

‘Natn  rotor  speed  range  0  to  IOOX  durtng  ground  starts 

J^N©t  applicable  since  engine  starts  evaluated  on  the  ground. 


!;-rsent  e.id  ATT1TI.DE  HOLD 


airctjtt  I  I  4 


Later  a  ;  rg  ar  b<iUll(<e 


Best  Available 


Ikkxos  determined  by  AVRADCOM  from  HHI  propulsion  testing. 
Summary  performance  data  were  compared,  where  applicable,  to  the 
requi  remci'.ta  of  the  system  specification  (ref  11)  for  the 
production  program.  The  hover,  vertical  climb  and  level  flight 
performance  is  significantly  improved  by  the  installation  of  the 
YT700-CE-701  engines.  The  YAH-64  now  meets  two  of  the  performance 
requirements  of  the  system  specification  for  the  production 
program  (ref  11,  app  A),  the  vertical  climb  and  maximum  level 
flight  cruise  speeds.  There  are  no  system  specifications  for 
hover,  takeoff,  forward  flight  climb  or  autorotatlonal  descent 
performance. 

Hover  Performance 


8.  The  hover  performance  of  the  YAH-64  was  evaluated  by  determin¬ 
ing  the  engine  power  required  to  hover  at  various  wheel  heights, 
rotor  speeds  and  pressure  altitudes.  Hover  tests  were  conducted 
in  winds  of  three  knots  or  less  using  the  tethered  and  free 
flight  hover  methods  at  the  conditions  of  table  1.  Data  at  a 
wheel  height  of  100  feet  were  obtained  previously  during  the  A&FC 
Part  1  at  the  4120-foot  test  site.  Variations  In  thrust  coeffic¬ 
ient  during  tethered  hover  were  obtained  by  incrementally  varying 
rotor  speed  from  281  to  298  RPM  (97  to  103  percent)  and  engine 
power,  thus  cable  tension.  A  tensiometer  was  used  to  measure 
tension  in  the  cable  (photo  l).  All  hover  tests  were  conducted 
with  the  aircraft  In  the  clean  configuration  (no  wing  stores  or 
pylons).  A  summary  of  hover  performance  is  presented  in  figure 
1,  appendix  E  and  nondimensional  tests  results  are  presented  in 
figures  2  through  5. 

9.  The  YAH-64  out-of-ground  effect  (OGE)  hover  celling  using 
intermediate  rated  power  (IRP)  at  the  primary  mission  gross  weight 
of  14,694  pounds  on  a  standard  day  was  11,020  feet.  At  the 
maximum  alternate  gross  weight  of  17,650  pounds,  the  OGE  hover 
ceiling  was  5760  feet  for  standard  day  conditions  and  1760  feet 
with  a  hot  day  temperature  (35*0.  The  OGE  hover  capability  for 
a  hot  day  (35°  C) ,  4000  feet  pressure  altitude  was  determined  to 
be  16,180  pounds  using  IRP, 

Takeoff  Perf ormance 

10.  Takeoff  performance  tests  were  conducted  at  the  conditions  of 
table  1  in  winds  3  knots  or  less  to  determine  the  takeoff  distance 
required  to  clear  a  50-foot  obstacle.  The  level  acceleration 
takeoff  method  was  used  for  these  tests  (photo  2).  The  aircraft 
was  configured  with  8-HKM.FIRE  missiles  snd  two  19-round  rocket 
pods  to  facilitate  ballast  changes  during  testing.  Takeoffs 
were  Initiated  from  a  stabilized  5-foot  wheel  height  hover  at 


gross  weights  and  density  altitudes  where  excess  power  was 
limited-  Simultaneous  application  of  forward  cyclic  and  increased 
collective  control  were  used  to  obtain  IRP  and  initiate  a  level 
acceleration.  At  the  condition  where  there  was  no  excess  power 
and  the  aircraft  could  just  hover  at  5  feet  with  IRP,  acceleration 
was  initiated  by  slight  forward  cyclic  application  only.  The 
collective  control  was  then  increased  to  maintain  IRp  as  the 
airspeed  increased.  Since  both  boom  and  ship  system  airspeed 
indications  were  unusable  below  30  knots,  climbout  airspeeds 
were  varied  by  initiating  rotation  at  various  doppler  ground 
speeds  at  the  command  of  the  copilot.  A  constant  pitch  attitude, 
near  that  observed  during  hover,  was  maintained  during  the  climb¬ 
out,  using  the  Electronic  Attitude  Direction  Indicator  (EADT)  as 
a  reference.  Upon  initiating  acceleration  from  a  hover,  the 
aircraft  began  to  climb  requiring  additional  forward  cvcllc  to 
maintain  a  5-foot  wheel  height.  Approaching  effective  trans¬ 
lational  lift  (ETL),  15  to  20  knots  true  airspeed  (KTAS),  the 
aircraft  began  to  settle  slightly,  but  upon  attaining  ETL  it 
again  began  to  climb.  All  takeoffs  to  clear  a  50-foot  obstacle 
were  successful  except  where  climbout  airspeed  was  below  ETL. 
This  resulted  in  the  aircraft  climbing  above  50  feet  initially 
but  then  descending  below  the  50-foot  obstacle.  Pilot  effort 
to  control  attitude  and  altitude  was  minimal  (HORS  3).  The  hori¬ 
zontal  distance  required  to  clear  and  maintain  clearance  over  a 
50-foot  obstacle  at  various  climbout  airspeeds  Is  presented  in 
figure  6,  appendix  E.  The  test  data  for  each  of  the  excess  power 
conditions  are  presented  in  figures  7  through  10. 

11.  Tests  were  conducted  in  the  primary  mission  configuration 
(para  1,  app  B)  with  winds  less  than  5  knots  to  determine  the 
beat  method  of  applying  the  level  acceleration  takeoff  technique 
for  operational  use.  Since  the  left  and  right  ship  pitot-static 
systems  were  unusable  for  Initiation  of  climb  due  to  erroneous 
and  unuseable  indications  below  approximately  30  knots  indicated 
airspeed  (K1AS),  a  technique  based  on  attitude  reference  was 
developed.  A  typical  time  history  of  a  takeoff  using  this 
technique  is  presented  as  figure  11,  appendix  E.  The  most  effect¬ 
ive  method  was  to  stabilize  the  aircraft  at  a  5-foot  wheel  height 
hover  (indicated  radar  altitude  3  to  4  feet)  noting  the  hover 
pitch  attitude  on  the  EADI.  A  level  acceleration  was  initiated 
and  maintained  until  passing  through  ETL  (.as  noted  by  an  abrupt 
decrease  in  airframe  vibration  and  buffet)  then  the  aircraft  was 
immediately  rotated  to  the  original  hover  pitch  attitude,  thus 
initiating  a  climb.  This  technique  consistently  produced  a  c llmb- 
out  airspeed  of  28  to  32  KTAS,  as  recorded  from  the  air  data 
system  and  a  doppler  ground  speed  ranging  from  57  to  f>2  kilometers 
per  hour  (30.8  to  33.5  knots).  Attempting  rotation  early  in  tin 
level  acceleration  produced  a  climb  initially  but  the  aircraft 


did  not  always  pass  through  ETL  and  began  to  descend  after 
Initially  climbing  through  50  feet.  For  this  reason,  the  rotation 
should  be  delayed  until  passing  through  ETL  to  insure  consistent, 
safe  takeoffs  over  a  50-foot  obstacle  in  the  minimum  practical 
distance.  Due  to  unuseable  airspeed  indications,  takeoff  perfor¬ 
mance  data  for  climbout  airspeeds  below  35  KTAS  should  not  be 
presented  in  Chapter  7  of  the  operator's  manual.  The  procedures 
for  level  acceleration  takeoffs,  specified  in  paragraph  8-50  of 
the  operator's  manual  (ref  12,  app  A),  should  be  changed  to  read: 

8-50  Level  Accleration/Obstacle  Clearance  Takeoff 

a.  Prior  to  attempting  a  level  acceleration/ 
obstacle  clearance  takeoff,  thorough  performance 
planning  must  be  accomplished  to  insure  that 
adequate  distance  is  available  to  clear  the 
obstacle  in  question.  When  using  the  technique 
described  below,  the  minimum  distance  to  clear 
an  obstacle  should  be  determined  from  the  takeoff 
performance  chart  in  chapter  7  using  a  climbout 
airspeed  of  35  KTAS. 

b.  Align  helicopter  with  the  desired  takeoff 
heading  and  stabilize  at  5-foot  main  wheel  height 
hover  (3  to  A  feet  indicated  radar  altitude). 

Note  aircraft  hover  pitch  attitude  on  the  primary 
attitude  indicator.  Apply  forward  cyclic  pressure 
smoothly  while  simultaneously  increasing  collec¬ 
tive  pitch  (if  additional  power  is  available 
within  helicopter  limits)  to  begin  a  level 
acceleration.  The  maximum  torque  available  should 
be  applied  before  accelerating  through  effective 
translational  lift  (ETL)  (as  noted  by  abrupt 
decrease  in  aircraft  vibration  and  buffet). 
Additional  forward  cyclic  pressure  will  be 
required  during  the  acceleration  to  overcome 
the  tendency  of  the  aircraft  to  climb.  Maintain 
the  level  acceleration  until  passing  through  ETL. 

Once  through  ETL  immediately  rotate  the  helicop¬ 
ter  to  the  hover  pitch  attitude.  Check  to  insure 
that  maximum  available  torque  is  applied.  Main¬ 
tain  hover  pitch  attitude  and  power  setting 
during  climbout.  Once  the  obstacle  has  been 
cleared,  adjust  helicopter  attitude  and  collec¬ 
tive  pitch,  as  required,  to  establish  the  desired 
airspeed  and  rate  of  climb. 
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12.  The  YAH-64  can  hover  OGE  at  Its  maximum  alternate  gross  weight 

(17,650  pounds)  at  5760  feet  pressure  altitude  with  standard 
day  conditions  and  at  1740  feet  with  a  hot  day  temperature  (35°C) 
(para  9).  At  more  adverse  conditions  (heavier  groRB  weight, 
higher  altitudes,  etc.)  takeoff  distance  can  be  determined  from 
the  takeoff  summary  data  (fig.  6,  app  E),  the  power  required 
to  hover  at  a  5-foot  wheel  height  (fig.  2)  and  the  installed 
engine  power  available  (fig.  1,  app  D)  using  the  procedure  out¬ 
lined  in  paragraph  8,  appendix  D.  At  the  maximum  alternate 
gross  weight  of  17,650  pounds  the  YAH-64  in-ground-effect  hover 
ceiling  (5  foot  wheel  height)  is  9680  feet  at  standard  day  con¬ 
ditions.  At  these  same  conditions,  a  takeoff  distance  of  952 
feet  is  required  to  clear  a  50-foot  obstacle  using  the  recommended 
cllmbout  airspeed  of  35  KTAS.  If  usable  airspeed  Information 
was  provided  to  the  pilot,  so  that  an  airspeed  of  20  KTAS  could 
be  used ,  the  takeoff  distance  would  be  reduced  to  727  feet  for 

these  conditions. 

Climb  Performance 

Vertical: 

13.  Vertical  climb  performance  testa  were  not  conducted  during 

this  part  of  the  A&FC  test  program.  Vertical  climb  data  were 
obtained  during  Part  2  of  this  A&FC  and  are  presented  in 

reference  7,  appendix  A.  Additional  hover  data  were  obtained  at 
various  wheel  heights  and  refinements  to  the  OGE  hover  curve  were 
made.  A  summary  plot  of  vertical  climb  performance  is  presented 
in  figure  12,  appendix  E.  This  plot  incorporates  the  increased 
power  available  of  the  YT700-GE-701  engine  and  reflects  the 

increase  in  the  primary  mission  gross  weight  from  14,660  pounds 

to  14,694  pounds. 

14.  The  vertical  rate  of  climb  was  calculated  at  4000  feet 
pressure  altitude,  35°  C,  primary  mission  gross  weight  of 
14,694  pounds,  and  95  percent  of  IRP  to  be  837  feet/minute. 
Using  100  percent  of  IRP  under  the  same  atmospheric  conditions 
and  gross  weight,  Che  vertical  rate  of  climb  was  calculated  to  be 

/  1234  feet/minute.  The  vertical  rate  of  climb  exceeded  the  require¬ 

ments  of  paragraph  3. 2. 1. 1 • 1 . 1 .A.  of  the  system  specification 
(ref  1 1 ,  app  A). 

Forward  Flight: 

15.  Continuous  climbs  were  conducted  from  approximately  1000 
to  12,500  feet  pressure  altitude  to  determine  the  power  correction 
factor  (Kp)  and  the  weight  correction  factor  (Ky).  The  climb 
tests  were  conducted  at  the  conditions  of  table  1.  An  airspeed 
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schedule  for  the  best  rate  of  climb  was  determined  from  level 
flight  performance  data  and  used  for  all  the  climb  tests.  The 
power  schedules  used  were  percentages  of  IRP  based  on  the  test 
day  power  available.  Test  results  are  presented  In  figures  13 
and  14,  appendix  E.  The  Kp  was  determined  to  be  0.77.  The  Ky 
was  found  to  be  a  function  of  thrust  coefficient. 

Level  Flight  Performance 

16.  Level  flight  performance  tests  were  conducted  at  the  condi¬ 
tions  of  table  1  to  determine  power  required  and  fuel  flow  for 
airspeeds,  altitudes  and  gross  weights  throughout  the  operational 
envelope  of  the  YAH-64  helicopter.  The  aircraft  was  flown 
at  zero  sideslip  and  a  main  rotor  speed  of  289  RPM  (100  percent). 
All  level  flight  performance  tests  were  conducted  with  a  dummy 
30mm  chain  gun  In  the  11  degree  elevation,  and  0  degree  azimuth 
position  without  the  ammunition  chute  installed.  The  dummy  Target 
Acquisition  and  Designation  System  (TADS)  and  Pilot  Night  Vision 
System  (PNVS)  sights  were  in  the  stowed  position.  The  HELLFIRE 
missile  launchers  were  set  at  the  zero  degree  elevation  position. 
The  environmental  control  unit  (ENCU1  was  operated  at  a  level  for 
pilot  and  copilot  comfort  and  the  stabllator  was  In  the  automatic 
mode.  The  aircraft  in  the  8-HELLF1RE  configuration  at  a  forward 
longitudinal  center  of  gravity  (eg)  was  used  as  a  baseline  to  de¬ 
termine  the  effects  on  performance  of  longitudinal  eg  changes,  and 
different  configurations  which  included  16-HELI.FIRE,  clean,  and 
2-ferry  tanks  (181  gallon)  The  effects  on  power  required  by  high 
values  of  referred  rotor  speed  were  not  investigated  because  of 
the  permissable  power  on  rotor  speed  range  (98Z  to  1002)  and 
the  prevailing  hot  (20°C  warmer  than  standard  day)  atmospheric 
conditions.  Test  results  are  presented  nondiraensionally  in 
figures  15  through  17,  appendix  E,  for  the  8-HELLFIKE  configura¬ 
tion  and  in  figures  18  and  19  for  the  16-HELLFIRE  configuration. 
Aircraft  range  and  endurance  summaries  are  presented  in  figures 
20  and  21.  Dimensional  test  results  are  presented  in  figures 
22  through  39.  The  data  presented  in  figures  25,  26,  27,  29  and 
31  were  obtained  from  Part  1  of  the  ASFC  test  program  and  are 
presented  again  in  this  report  with  the  refined  fairing  that 
resulted  from  completion  of  the  data.  The  total  electrical 
power  required  by  the  test  aircraft  was  1.2  kilowatts  which 
equates  to  1.6  horsepower.  A  list  of  external  items,  either 
installed  on  the  test  aircraft  and  not  included  in  the  system 
specification  (ref  11,  app  A),  or  defined  in  reference  11  and 
not  on  the  test  aircraft  during  this  evaluation  is  presented  in 
table  1,  appendix  B.  The  effect  of  these  items  was  estimated  by 
HHI  to  reduce  the  drag  of  the  aircraft  by  0.59  ft2  of  equivalent 
flat  plate  area.  No  corrections  for  electrical  load,  variable 
power  consumed  by  the  ENCU  or  external  configuration  differences 
between  the  test  and  production  aircraft  were  applied  to  the 
data,  in  this  report. 
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17.  The  maximum  cruise  airspeed  using  maximum  c.iiUnuous  p.-wor 
with  the  aircraft  In  the  8-HELLK  IRK  conf  i  gurat  ion  at  the  pi  in-.  .4  re¬ 
mission  gross  freight  of  14,694  pounds  and  at  o'-  feet  rr.  ^uiv 
altitude  with  an  ambient  temperature  of  35°  C  and  289  main  rotor 
RPM  (100  percent)  was  determined  to  be  145  KTAS.  A  dimensional 
plot  at  these  conditions  is  presented  in  figure  40,  appendix  U. 
The  aircraft  (In  the  test  configuration)  met  the  requirements 
of  paragraph  3.2. 1. 1. 1. 1.8  of  the  system  specification 
(ref  11,  app  A). 

18.  Long  range  cruise  speeds  (based  on  99  percent  maxi:;:!, 

specific  range)  and  maximum  endurance  airspeeds  were  determined 
for  standard  day  sea  level  and  4000  leer,  35°C  conditions,  :  n>~ 
figures  15  through  17,  appendix  E  and  figures  6  and  7,  appendix  0. 
These  results  are  presented  in  figures  20  and  21,  appendix  K. 
recommended  cruise  speed  for  sea  level  standard  day  coniitio..s  j  > 
125  KTAS  for  the  primary  mission  gross  weigh. c  and  conf  igut  at  i-,.-. 
and  126  KTAS  at  4000  feet  and  35"C  hot  day  condi  t  ions .  'taxi  :., 
endurance  speeds  for  these  conditions  are  7n  and  7~  K.r-'.s,  respect¬ 
ively. 

19.  The  effects  of  various  sideslip  angles  on  the  power  tvqui  r«  >i 

for  level  flight  is  presented  in  figure  22,  appendix  K.  Tie- 
Inherent  sideslip  of  the  test  aircraft  was  determined  f  re'ti  t  hi--, 
flights  at  different  thrust  COL'  i  f  iv  i  trill  ^  ivV,  .d  ‘tvi  to*',  tfi.ii  /  .  :  - 
speeds  in  the  8-HELLFIRE  configuration.  These  data  it  e  pro- ■ 
in  figure  23.  The  Inherent  sideslip  w.,u  i  u-i-i.i  w s  1 

speed  and  C-j.  Below  a  C-j  of  appra.de.it.-lv  ■4--,  the  j-.hvr«-:«r 

sideslip  was  2  to  3  degrees  right  regardless  at  .lircj-c-d.  Ah  ...  > 

C-j  of  0.0090,  the  inherent  sideslip  increased  as  Op  increased . 
At  a  Cj  of  0.0109  and  airspeeds  above  ion  KTAh ,  i-.h.-reni  si-d---iip 
was  approximately  4  degrees  right.  At  .a  C.  ..•■!  .9  .. 

decreased  below  100  KTAS  the  inherent  sidcsii,  ■,  net  ou.»-. ...  \ar>  i.-.r 

the  sideslip  angle  from  zero  to  approximately  1  degxe.-s  left  -r 
8  degrees  right  resulted  In  an  increase  of  drag  equal  : 0.9  it- 
equivalent  flat  plate  area.  Using  iso  KTAS  .and  sea  level  s;,.n!<i  1 
day  conditions,  this  increases  power  required  f.-r  1  ;li,'-.; 

less  than  1  percent  of  dual  engine  power  available  ( appr oxi mi 1 o ! y 
30  shaft  horsepower).  Over  this  range  ;'r  and  ,.ir speeds 

where  aircraft  drag  Is  signifi  cant  t  lie  difference  in  power  re¬ 

quired  for  level  flight  between  the  r.ero  sideslip  irim  condition 
and  coordinated  ball-centered  flight  is  insignificant. 

20.  Tests  were  conducted  to  determine  tin-  change  in  equivalent 
flat  plate  area  (Afe)  with  changes  from  the  primary  mission 
configuration  and  In  the  longitudinal  eg  location.  Tin-  el.'., a. 
16-HELLFIRE,  and  2-ferry  tank  (181  gallon)  c-m  i  gut  at  1 -<i-- 
evaluated.  A  ferry  mission  would  consist  of  t.  -i  ferrv  ■ 


(two  on  each  side),  however  only  two  external  fuel  tanks  were 
available  for  this  test.  The  Afe  from  the  8-HELLFIRE  config¬ 
uration  was  not  constant  for  the  aircraft  configured  with 
16-HELLFIRE  missiles  especially  at  high  Of.  Figures  18  and  19, 
appendix  E,  present  the  power  required  In  level  flight  for  the 
16-HELLFIRE  configuration.  Equivalent  flat  plate  area  changes 
between  the  test  configurations  and  primary  mission  configuration 
are  presented  in  table  3.  The  Afe  for  a  longitudinal  center 
of  gravity  change  from  FS  202.0  to  206.0  (4  in.)  in  the  clean 
configuration,  was  -3.1  ft2. 


Table  3.  Drag  Assessments  for  Various  Configurations 


1  Configuration 

j 

Equivalent  Flat  Plate  Area  Change  (Afe)j 
from  8-HELLFIRE  Configuration  (ft^) 

Clean 

-8.4 

2-Ferry  Tank 
(181  gallon) 

-5.4 

Autorotatlonal  Descent  Performance 

21.  Autorotatlonal  descent  performance  tests  were  conducted  at 
the  conditions  of  table  1  to  determine  the  effects  of  gross  weight, 
altitude,  airspeed  and  rotor  speed  on  the  rate  of  descent.  TVo 
gross  weights  and  altitudes  were  evaluated  with  the  aircraft  in 
the  8-HELLFIRE  configuration.  Coordinated  ball-centered  flight 
was  used  as  the  trim  criteria.  The  tests  were  conducted  by 
retarding  the  power  levers  to  the  Idle  position  and  then 
stabilizing  the  aircraft  on  an  airspeed  and  rotor  speed  in  auto- 
rotatlon.  Airspeed  was  varied  to  determine  the  optimum  airspeed 
for  minimum  rate  of  descent  (Vmin  R/D)  at  the  normal  operational 
rotor  speed  of  289  RPM  (100  percent).  At  the  approximate  Vnin  R/j>, 
rotor  speed  was  varied  to  determine  the  effect  on  rate  of  descent. 
Test  results  are  presented  In  figures  41  through  44,  appendix  E. 

22.  At  a  grots  weight  of  approximately  15,300  pounds  the  Vraln  r/jj 
was  determined  to  be  72  knots  calibrated  airspeed  (KCAS)  with  a 
rate  of  descent  of  2320  feet/minute  (fig.  41,  app  E).  Increasing 
gross  weight  approximately  1300  pounds  decreased  the  Vmin  R/D  to 
64  KCAS  with  an  increase  in  rate  of  descent  to  2430  feet/minute 
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(fig.  42).  The  airspeed  for  maximum  glide  distance  (106  KCAS) 
could  be  determined  only  for  the  light  weight  data  at  4960  feet 
density  altitude  because  of  the  restricted  airspeed  envelope  for 
the  aircraft.  Since  the  airspeed  for  maximum  glide  distance  at 
the  other  conditions  tested  appeared  to  be  higher  than  the  never 
exceed  airspeed  (V^),  106  KCAS  or  V^£  whichever  occurs  first 
should  be  used  for  the  maximum  glide  distance  airspeed. 

23.  Rotor  speed  was  varied  throughout  the  permissible  operating 
range  of  272  to  301  RPM  (94  to  104  percent)  to  determine  the 
optimum  rotor  speed  for  minimum  rate  of  descent  (figs.  43  and 
44,  app  E).  The  rotor  speed  for  minimum  rate  of  descent  was 
determined  to  be  272  RPM  (94  percent)  for  the  conditions  tested. 


HANDLING  QUALITIES 
General 


24.  Stability  and  control  tests  were  conducted  to  evaluate  the 
YAH-64  handling  qualities  with  the  YT700-GE-701  engine  install¬ 
ation  and  the  modified  Digital  Automatic  Stabilization  Equipment 
(DASE)  software  program.  Handling  qualities  data  were  obtained 
at  high  altitude  and  in  various  configurations  to  supplement 
data  from  Parts  1  and  2  of  this  A&FC.  Additional  testing  included 
an  evaluation  of  instrument  flight  capability  in  light  to  moderate 
turbulence  and  a  slope  landing  evaluation.  System  specification 
requirements  were  also  evaluated,  where  applicable.  Both  quantita¬ 
tive  data  and  qualitative  pilot  comments  were  recorded  during 
these  tests.  Tests  were  conducted  at  the  conditions  specified  in 
table  2. 

Control  Positions  in  Trimmed  Forward  Flight 

25.  Control  positions  in  trimmed  forward  flight  were  evaluated 
at  the  conditions  presented  in  table  2.  Data  are  presented  in 
figures  45  through  51,  appendix  E.  The  variation  of  longitudinal 
control  position  with  airspeed  was  conventional  except  for  level 
flight  below  60  KCAS  and  autorotatlve  flight  above  80  KCAS  where 
the  position  gradient  was  nearly  neutral.  In  the  8-HELLF1RE 
asymmetric  configuration  (fig.  49,  app  E,  and  photos  17  and  18, 
app  B),  approximately  1  in,  of  additional  right  cyclic  was 
required  in  comparison  to  symmetrically  loaded  configurations, 
however  adequate  lateral  control  margin  was  available  and  the 
control  positions  were  not  uncomfortable.  In  climbs  and  descents 
at  103  KCAS  (fig.  51),  lateral  and  longitudinal  trim  changes 
between  0  percent  and  100  percent  of  test  day  IRP  were  minimal 
(0.2  in.  and  0.3  in.,  respectively)  and  desirable  for  an  attack 
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helicopter.  In  the  2-fcrry  tank  configuration  (fig.  50),  control 
positions  were  essentially  unchanged  from  the  8-HELLFIRE  config¬ 
uration  at  the  sane  longitudinal  eg  location  (fig.  45).  For  all 
conditions  tested,  adequate  control  margins  were  available.  The 
control  positions  in  trimmed  forward  flight  are  satisfactory. 
The  1  ongitudlnal  control  position  variation  with  airspeed  met 
the  requirements  of  paragraphs  10.3.3.1.2,  10.3.4.1.1,  and 
10.3. 5. 2. 4  of  the  system  specification  (ref  11,  app  A). 

Static  Longitudinal  Stability 

26.  The  static  longitudinal  stability  characteristics  were 
evaluated  at  the  conditions  presented  in  table  2.  The  aircraft 
was  trimmed  in  level,  ball-centered  flight.  The  collective  was 
held  fixed  while  airspeed  was  varied  +20  KIAS  in  5-knot  incre¬ 
ments  about  trim  with  the  cyclic  only.  All  cyclic  inputs  were 
made  against  the  trim  feel  system  to  avoid  stability  augmen¬ 
tation  s/stem  (SAS)  actuator  recentering.  Data  are  presented  in 
figures  52  through  54,  appendix  E.  For  the  low-speed  trim  point, 
approximately  60  KCAS,  in  all  configurations,  the  longitudinal 
control  position  gradient  was  essentially  neutral  varying  less 
than  0.3  in.  over  the  entire  speed  range  of  approximately 
40  knots.  At  the  trim  point  of  95  KCAS  or  higher,  the  static 
longitudinal  stability  was  weakly  positive  as  indicated  by  the 
shallow  control  position  gradient.  Although  the  neutral  to  weak 
longitudinal  static  stability  contributed  tc  poor  trimroabllity 
and  increased  pilot  workload  in  simulated  instrument  meteorolo¬ 
gical  conditions  (IMC),  as  mentioned  in  paragraph  46  and  A&FC 
Part  2,  (ref  7,  app  A),  it  is  considered  desirable  and  satisfactory 
for  an  attach  helicopter  operating  in  visual  meteorological 
corditions  (VMC).  The  static  longitudinal  stability  failed  to 
meet  the  requirements  of  paragraph  10.3.4.1  of  the  system  speci¬ 
fication  (ref  11,  app  A),  in  that  the  variation  of  longitudinal 
control  position  with  airspeed  was  neutral  for  a  level  flight 
trim  airspeed  of  60  KCAS,  but  is  considered  acceptable.  The 
pitch  attitude  variation  with  airspeed  met  the  requirements  of 
paragraph  10.3.4.1.2  of  reference  11. 

Static  Lateral-Directional  Stability 

27.  The  static  lateral-directional  stability  characteristics  were 
evaluated  at  the  conditions  presented  in  table  2.  The  aircraft 
waa  trimmed  in  level  flight  at  zero  sideslip.  The  collective  con¬ 
trol  was  held  constant  and  sideslip  angle  was  varied  in  5-degree 
Increments  (left  and  right)  while  maintaining  constant  airspeed 
and  steady  heading.  Data  are  presented  in  figures  55  through  58, 
appendix  E.  At  60  KCAS,  for  all  configurations  tested,  the 
aircraft  exhibited  positive  directional  stability  (as  indicated 
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by  increased  left  directional  control  with  increased  right  id*  - 
slip)  except  at  left  sideslip  angles  greater  than  20  dec  tee.-; 
where  directional  stability  was  nearly  neutral.  Positive  dihedral 
effect  (as  indicated  by  increased  right  Lateral  control  with  in¬ 
creased  right  sideslip)  was  also  exhibited  at  this  trim  airspeed. 
Sideforce  characteristics  were  weak  but  not  significant  due  to 
the  large  sideslip  envelope  available  at  low  forward  airspeed. 
At  a  trim  airspeed  of  95  KCAS  and  above,  for  all  con  t  i  gurat  Lous 
tested,  directional  stability  and  dihedral  effect  were  positive 
and  sideforce  cues  were  significantly  increased.  For  ail  test 
conditions  no  control  limits  were  approached  and  the  static 
lateral-directional  stability  characteristics  were  satisfactory. 
The  static  lateral-directional  stability  characteristics  met 
the  requirements  of  paragraphs  10.3.5.1.5,  10.3.5.1.0  and 

10.3.5.1.7  of  the  system  specification  (ref  11,  app  A). 

Maneuvering  Stability 

28.  The  maneuvering  stability  characteristics  were  evaluated 

at  the  conditions  presented  in  table  2.  The  aircraft  was 
trimmed  in  level,  ball-centered  flight.  The  collective  was  held 
fixed  while  cyclic  and  directional  controls  were  used  to  perform 
steady  left  and  right  turns  at  constant  airspeed.  Data  are  pre¬ 
sented  in  figures  59  through  61,  appendix  E.  In  all  configurations 
tested  the  longitudinal  stick  position  gradient  with  load  tact  or 
was  positive.  For  the  8-HELLFIRE,  aft  eg  configuration  at 

15,000  feet  density  altitude,  the  longitudinal  control  position 
gradient  with  load  factor  was  weaker  than  it  was  tor  the  other 
configurations  at  lower  altitudes,  but  was  approximately  1  in. 
per  g.  The  maneuvering  stability  characteristics  for  all  con¬ 
ditions  tested  are  satisfactory.  The  maneuvering  stability 
characteristics  met  the  requirements  of  paragraph  10.3.6  of 

the  system  specification  (ref  11,  app  A)  with  the  exception  ot 

subparagraph  10.3.6.2  which  was  not  evaluated. 

Dynamic  Stability 

29.  The  longitudinal  long  term  dynamic,  stability  characteristics 
were  evaluated  at  the  conditions  presented  in  table  2.  Aircraft 
motion  was  Induced  by  displacing  longitudinal  cyclic  from  trim  and 
decreasing  or  increasing  airspeed  by  10  KIAS  then  returning  the 
cyclic  slowly  to  trim.  All  controls  were  then  held  fixed  until 
recovery  was  initiated.  Tests  were  conducted  both  DASK  on  and 
OFF.  Typical  time  history  data  are  presented  in  figures  62  and  63, 
appendix  E.  With  the  DASE  ON,  the  long  term  response  was  dynam¬ 
ically  unstable  with  a  period  of  between  75  and  90  seconds  depend¬ 
ing  on  external  configuration.  The  amplitude  of  the  oscillation 
increased  slowly  requiring  at  least  four  or  more  cycles  to  reach 
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an  airspeed  or  pitch  attitude  limit  which  required  the  pilot  to 
initiate  a  recovery.  With  the  DASE  OFF,  the  long  term  oscillation 
amplitude  increased  rapidly  requiring  recovery  in  lees  than  two 
cycles  for  all  configurations  tested.  The  response  frequency 
was  faster  DASE  OFF  than  DASE  ON  and  increased  as  oscillation 
amplitude  increased.  Recovery  back  to  controlled  level  flight 
was  accomplished  with  little  difficulty  but  load  factors  of 
greater  than  2  g  and  pitch  rates  in  excess  of  25  degrees  per 
second  (deg/sec)  were  experienced.  The  pilot  must  closely  monitor 
airspeed  and  pitch  attitude  to  insure  that  large  pitch  rates 
and  excessive  pitch  attitudes  do  not  occur.  The  DASE  ON  long  term 
response  characteristics,  although  unstable,  are  satisfactory.  The 
DASE  OFF  long  term  characteristics  are  satisfactory  for  a  degraded 
mode.  The  long  term  response  characteristics  met  the  requirements 
of  paragraph  10.3.4.2  of  the  system  specification  (ref  11,  app  A). 

30.  The  short  term  longitudinal  and  lateral-directional  dynamic 
stability  were  evaluated  at  the  conditions  presented  in  table  2. 
Aircraft  motion  was  induced  by  fore  and  aft  1  inch  cyclic  pulses 
and  directional  pedal  doublets.  All  Inputs  were  made  at  an  input 
frequency  of  approximately  one  cycle  per  second.  Following  the 
input,  all  controls  were  held  fixed  until  the  motion  subsided  or 
recovery  was  initiated.  All  tests  were  performed  with  attitude 
hold  OFF  and  DASE  ON  and  OFF.  Typical  time  history  data  are 
presented  in  figures  64  through  69,  appendix  E.  With  the  DASE 
ON,  the  short  term  response  and  lateral-directional  oscillations 
were  essentially  deadbeat  for  all  conditions  tested.  With  the 
DASE  OFF,  the  aircraft  short  term  response  and  lateral-directional 
oscillations  were  dynamically  stable.  The  short  period  motion 
damped  out  in  three  to  four  cycles,  but  excited  the  divergent 
long  period  (para  29)  causing  the  aircraft  to  diverge  in  pitch. 
This  divergence  was  of  sufficiently  long  period  that  it  could  be 
easily  controlled  by  the  pilot  and  posed  no  aircraft  control 
problems  during  VMC  flight.  The  short  term  longitudinal  and 
lateral-directional  dynamic  stability  characteristics  are  satis¬ 
factory.  The  short  term  longitudinal  and  lateral-directional 
dynamic  stability  met  the  requirements  of  paragraphs  10.3.4.2 
and  10.3.5.3  of  the  system  specification  (ref  11,  app  A), 

Controllability 

31.  Longitudinal  and  lateral  controllability  was  evaluated  in 
the  8-HELLFIRE,  aft  eg  configuration,  at  high  density  altitude 
(15,000  ft).  Control  step  Inputs  were  made,  using  s  mechanical 
control  fixture,  in  0.25  in.  increments  up  to  a  maxiura  of  1.5  in. 
The  Inputs  were  held  until  a  maximum  rate  was  achieved  or  until 
recovery  was  necessary.  All  tests  were  conducted  with  attitude 
hold  OFF  and  with  DASE  both  ON  and  OFF. 
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32.  Longitudinal  controllability  characteristics  at  80  KCAS  are 
summarized  in  figure  70,  appendix  E.  The  maximum  longitudinal 
control  response  was  17  deg/sec/in.  for  forward  and  18  deg/sec/in. 
for  aft  inputs  DASE  ON  and  OFF.  Control  sensitivity  was  greater 
DASE  ON  (27  deg/sec2/in.  forward  and  39  deg/sec2/in.  aft)  than 
DASE  OFF  (14  deg/sec2/in.  forward  and  28  deg/sec2/in.  aft) 
and  the  average  response  time  (time  to  reach  63  percent  of 
maximum  rate)  was  0.5  sec  with  DASE  ON  and  1.2  sec  with  DASE 
OFF.  Aircraft  response  was  faster  than  noted  during  A&FC,  Part  2 
(ref  7,  app  A)  for  the  same  configuration  at  a  density  altitude 
of  5000  ft  but  no  handling  qualities  problems  were  noted.  Typical 
time  history  data  are  presented  in  figures  71  and  72.  The  longi¬ 
tudinal  controllability  characteristics  are  satisfactory.  The 
longitudinal  controllability  met  the  requirements  of  para¬ 
graphs  10.3.4.3  and  10.3.4.4.1  of  the  system  specif icat 1  on 
(ref  11,  app  A).  The  longitudinal  controllability  failed  to 
meet  the  requirements  of  paragraph  10.3.4.4.2  of  reference  11  in 
that  the  average  response  time  to  a  longitudinal  control  step 
input  was  less  than  0.7  sec  by  0.2  sec,  but  is  acceptable. 

33.  The  lateral  controllability  characteristics  at  80  KCAS  were 

essentially  the  same  DASE  ON  and  OFF.  These  characteristics  are 
summarized  in  figure  73,  appendix  E.  Control  response  was 
30  deg/sec/in.  for  left  and  right  inputs  while  control  sensitivity 
was  66  deg/sec2/ln.  for  left  and  70  cieg/sec2/in.  for  right 
inputs.  Average  response  time  was  0.4  sec.  Roll  response  was 
slightly  more  rapid  than  that  noted  during  A&FC,  Part  2  (ref  7, 
app  A)  for  the  same  configuration  at  a  density  altitude  of 
5000  ft.  Roll  response  was  more  rapic.  than  pitch  response  and 
gave  excellent  maneuver  capability  which  is  desirable  for  an 
attack  helicopter.  Typical  time  history  data  are  presented  in 
figures  74  and  75.  The  lateral  controllability  is  satisfactory. 
The  lateral  controllability  met  the  requirements  of  paragraphs 
10.3.5.2.2,  10.3.5.2.3,  and  10.3.5.2.5  of  the  system  specification 
(ref  11,  app  A).  The  lateral  controllability  with  DASE  ON  failed 
to  meet  the  requirements  of  paragraph  10.3.5.2.1  of  reference 
11  in  that  the  average  response  time  to  a  lateral  control  step 
input  was  less  than  0.7  sec  by  0.3  sec,  but  Is  acceptable. 

Ground  Handling  Characteristics 

34.  Operation  of  the  parking  brake  was  evaluated  during  this  test 

program.  During  EDT-4  and  earlier  tests  the  lack  of  a  reliable 

indication  of  parking  brake  status  had  been  reported  as  8  short¬ 

coming  because  the  parking  brake  handle  could  be  fully  retracted 
with  the  brake  still  set.  During  this  test  it  was  also  noted  that 
the  parking  brake  handle  would  remain  in  the  extended  position 
even  though  the  brakes  were  not  set.  The  lack  of  a  reliable 
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indication  of  narking  brake  status  remains  a  shortcoming.  The 
following  caution  should  be  placed  in  chapter  2  of  the  operator's 
manual : 


CAUTION 

Do  not  rely  on  the  position  of  the  parking 
brake  handle  as  an  indication  of  parking 
brake  status.  Brakes  must  be  reset  or 
released,  as  appropriate,  to  determine 
correct  status  of  parking  brake. 

Slope  Landing  Characteristics 

35.  The  Slope  landing  capabilities  of  the  YAH-64  were  evaluated 
at  the  conditions  presented  in  table  2.  The  landings  and  takeoffs 
were  made  on  a  surveyed  slope  constructed  at  Yuma  Proving  Ground, 
Arizona.  The  slope  area  was  divided  into  four  segments  of, 
nominally,  8  degrees,  10  degrees,  12  degrees,  and  15  degrees  to 
facilitate  the  evaluation.  The  surface  was  hard  packed  sandy 
clay  with  23  percent  one-half  inch  gravel  with  some  rocks 
3  Inches  in  diameter.  The  soil  was  classified  as  "SC”  under  the 
Unified  Soil  Classification  System  (ref  15,  app  A).  The  actual 
slope  angle  of  the  main  landing  gear  was  measured  with  an  in¬ 
clinometer  after  the  aircraft  departed  the  slope  area.  Prior  to 
the  test,  the  aircraft  fluid  levels  and  landing  gear  struts 
were  serviced  in  accordance  with  HHI  maintenance  procedures. 
Each  wain  transmission  sump  was  overserviced  by  one  gallon  in 
accordance  with  AVRADCOM  Memorandum,  DRDAV-DP,  dated  4  August 
1982.  All  tests  were  conducted  in  winds  of  5  knots  or  less. 
The  technique  employed  was  a  vertical  landing  and  takeoff  which 
was  repeated  for  each  slope  orientation  tested.  The  parking 
brake  was  set  and  the  tall  wheel  was  locked  during  all  tests. 
All  landings  were  made  vertically  from  a  hover.  When  ground 
contact  was  made,  the  collective  was  slowly  lowered  while  cyclic 
was  held  into  the  hill  to  keep  the  aircraft  from  sliding  down- 
slope.  When  sufficient  weight  was  on  all  three  landing  gear, 
the  cyclic  was  slowly  centered  and  the  collective  lowered  to 
full  down.  Landing  was  complete  when  the  cyclic  was  fully 
centered,  the  collective  full  down,  and  directional  pedals  set 
at  the  position  corresponding  to  zero  tail  wheel  side  load  on  a 
level  surface.  Takeoffs  were  made  by  simultaneously  increasing 
collective  and  displacing  lateral  cyclic  toward  the  hill.  As  the 
aircraft  began  to  lift  off,  cyclic  was  adjusted,  as  required,  to 
make  a  vertical  takeoff  to  a  hover.  Aircraft  attitudes  were 
measured  by  an  on-board  instrumentation  system.  Photographs  were 
taken  of  all  landings  and  takeoffs. 
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36.  Lateral  slope  landings  up  to  10-1/2  degrees  left  wheel  upslope 
and  9-1/2  degrees  right  wheel  upslope  were  made.  Data  are  prese¬ 
nted  In  figures  76  and  77,  appendix  E.  Adequate  control  margins 
remained  in  all  directions  and  the  aircraft  did  not  slide  down 
slope  for  any  angle  tested.  Centering  of  the  cyclic  was  performed 
slowly  due  to  the  high  fuselage  roll  angles  resulting  from 
differential  main  landing  gear  strut  compression  and  the  narrow 
main  landing  gear  wheel  base.  As  the  cyclic  was  centered,  strut 
compression  was  Jerky  rather  than  a  smooth  continuous  movement. 
This  motion  combined  with  large  fuselage  roll  attitudes  for  slopes 
greater  than  9  degrees  gave  the  sensation  of  impending  roll-over 
to  Che  crew.  Fuselage  roll  attitude  was  17  degrees  initially  for 
the  10-1/2  degree  left  gear  upslope  landing.  Once  the  cyclic  had 
been  centered  and  the  collective  placed  full  down  the  aircraft 
settled  (due  to  tire  and  strut  compression)  and  the  fuselage 
roll  attiude  reached  19  degrees.  These  large  fuselage  roll 
attitudes  produced  uncomfortable  side  loads  on  the  crew  and  also 
resulted  in  high  side  loads  on  the  main  landing  gear  tires 
(photos  3  through  5).  It  appeared  that  separation  of  the  tire 
from  the  rim  could  occur  when  landing  on  slopes  of  greater  than 
9  degrees  with  fuselage  roll  angles  in  excess  of  12  degrees. 
Figure  A  shows  the  fuselage  roll  attitude  associated  with  slope 
angles  ranging  from  zero  to  10-1/2  degrees.  Lateral  slope  landing 
characteristics,  on  lateral  slopes  of  up  to  9  degrees  left  and 
right,  were  satisfactory.  The  zero  wind  lateral  slope  landing 
envelope  should  be  limited  to  9  degrees  maximum  slope  angle  and 
12  degree  fuselage  roll  attitude.  The  lateral  slope  landing 
characteristics  failed  to  meet  the  15  degree  slope  landing  re¬ 
quirements  of  paragraph  10.3.10.6  of  the  system  specification 
(ref  11,  app  A)  due  to  large  fuselage  roll  attitudes  and  the 
possibility  of  tire/rim  separation  during  operation  on  a  lateral 
slope  of  10-1/2  degrees.  The  requirement  for  a  slope  landing 
capability  on  greater  than  9  degree  slopes  should  be  re-evaluated 
by  the  user.  The  following  caution  should  be  placed  in  chapter 
8  of  the  operator's  manual. 


CAUTION 

During  slope  landing  operations,  use  the 
primary  attitude  indicator  to  insure  that 
fuselage  roll  attitude  does  not  exceed 
12  degrees  when  centering  the  cyclic. 

Should  fuselage  roll  attitude  reach  12 
degrees  before  the  cyclic  has  been  center¬ 
ed,  reposition  the  aircraft  to  a  shallower 
slope . 

37.  Longitudinal  slope  landings  up  to  12  degrees  nose  up  and 
10  degrees  nose  down  were  made.  Time  history  data  are  presented 
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in  figures  78  and  79,  appendix  E.  For  all  landings,  the  aircraft 
brakes  held  and  no  downhill  tire  sliding  occurred.  Control  margins 
were  adequate  for  landings  and  takeoffr,  from  slopes  up  to 
10  degrees  nose  up  and  down.  During  the  12  degrees  nose  up  land¬ 
ing,  droop  stop  contact  resulted  in  impact  damage  to  the  striker 
plates  and  rollers  and  rotor  blade  canopy  clearance  was  leas 
than  nine  Inches  as  Indicated  by  the  main  rotor  blades  breaking 
the  nine  inch  canopy  clearance  stick  (photo  6).  Throughout  the 
landing  there  was  no  aural  or  control  feedback  indication  to  the 
pilot  that  droop  stop  contact  was  made.  The  slope  landing  charac¬ 
teristics,  on  longitudinal  slopes  of  up  to  10  degrees  nose  up 
and  nose  down,  are  satisfactory.  The  longitudinal  slope  landing 
envelope  should  be  limited  to  10  degrees  maximum  slope  angle. 
The  slope  landing  characteristics  for  longitudinal  slopes 
failed  to  meet  the  12  degree  slope  landing  requirements  of  para¬ 
graph  10.3.10.6  of  the  system  specification  (ref  11,  app  A)  in 
that  the  main  rotor  droop  stops  were  damaged  when  landing  on  a 
12  degree  longitudinal  slope.  The  requirement  for  a  slope  landing 
capability  on  greater  than  10  degree  longitudinal  slopes  should 
be  re-evaluated  by  the  user. 

38.  Tests  were  conducted  to  provide  data  for  calculation  of 
wing  store  clearance  with  various  external  store  and  pylon 
installations.  Minimum  wing  store  clearance  was  determined  using 
16mm  movies  of  lateral  slope  landings  to  measure  the  vertical 
distance  from  the  outboard  wing  pylon  stores  pivot  point  to  the 
ground.  Figure  B  6hows  the  physical  measurement  taken  from  the 
test  aircraft  between  the  forward,  outboard  pylon  attaching 
point  and  the  stores  pivot  point.  Clearances  for  the  upslope 
pylon  were  measured  during  takeoffs  and  landings.  Clearances  for 
the  downslope  pylon  were  measured  with  the  aircraft  settled  on 
the  slope  with  the  collective  full  down  and  cyclic  centered.  The 
data  presented  in  figure  C  shows  the  minimum  clearance  between 
the  outboard  pylon  stores  pivot  point  and  the  ground  on  the  test 
aircraft.  The  line  showing  HELLFIRE  missile  ground  contact  was 
determined  using  measurements  taken  from  the  test  aircraft 
configured  with  4-HELLF1RE  missiles  on  each  outboard  pylon  set  at 
zero  degrees  elevation.  This  configuration  may  not  be  representa¬ 
tive  of  the  production  aircraft. 

Power  Management 

39.  The  power  management  characteristics  of  the  YAH-64,  configured 
with  the  YT700-GE-701  engines,  were  evaluated  during  this  test 
program.  Specific  tests  Included  evaluations  of  the  contingency 
power  feature  of  the  engines,  engine/airf rame  response  character¬ 
istics,  and  engine  functional  checks.  Particular  emphasis  was 
placed  on  operation  at  power  levels  above  those  attainable  with 
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the  previous  YT700-GE-700R  engines.  No  compressor  stalls  were 
encountered  during  high  altitude  testing,  at  Bishop.  California 
(elevation  9980  feet),  as  previously  reported  for  the 
YT700-GE-700R  engines  (ref  6,  app  A).  Generally,  the  YT700-GE-701 
engines  provided  a  significant  increase  in  power  available,  com¬ 
pared  Co  the  YT700-GE-700R  engines ,  and  proved  to  be  very  reliable 
throughout  the  test  program. 

40.  The  contingency  power  feature  of  the  YT700-GE-701  engines  is 
automatically  activated  when  one  engine  fails.  It  provides 
increased  single  engine  power  available  by  automatically  resetting 
the  turbine  gas  temperature  (TGT)  limiting  threshold  from  867  to 
9I7,C.  At  conditions  where  engine  power  available  was  transmission 
limited,  this  resulted  in  an  increased  power  available  of  22 
percent  above  IRP,  on  the  operating  engine.  The  use  of 
contingency  power  was  limited  to  2.5  minutes  maximum  by 
reference  10,  appendix  A.  Figure  80,  appendix  E  is  a  time  history 
of  a  simulated  single  engine  failure  during  an  OGE  hover  showing 
the  additional  torque  available  during  single  engine  operation. 
The  transition  to  contingency  power  was  smooth  and  consistent 
and  required  no  pilot  action.  This  feature  significantly  Increased 
the  single  engine  capability  of  the  aircraft  and  will  enhance 
survivability  in  an  operational  environment.  The  automatic  con¬ 
tingency  power  feature  of  the  YT700-GE-701  engine  is  an  enhancing 
characteristic. 

41.  The  englne/alrframe  response  characteristics  were  evaluated 
at  the  conditions  shown  in  table  2.  Tests  included  various  rates 
of  collective  control  application  and  reduction  between  autorota- 
tlon  and  IRP,  collective  control  reversals,  and  a  qualitative 
evaluation  of  mission  representative  maneuvers.  Time  history 
data  are  presented  in  figures  81  through  83,  appendix  E.  The 
most  significant  response  noted  was  for  a  collective  control 
increase  of  4.7  in.  at  a  rate  of  1.5  in.  per  second.  When 
initiating  this  collective  control  input  from  10  percent  indicated 
engine  torque,  no  adverse  engine/sirframe  response  was  noted 
(fig.  81).  When  initiating  the  same  control  input  from  a  zero 
torque  condition,  main  rotor  speed  droop  and  activation  of  the 
low  main  rotor  warning  was  observed  along  with  subsequent  engine/ 
airframe  oscillations  (fig.  82).  The  oscillations  damped  in 
approximately  12  seconds  and  within  4  cycles.  Main  rotor  speed 
(!?«)  varied  from  94  to  105  percent  (maximum  transient  104 
percent)  and  yaw  rates  oscillated  between  +  >2  deg/sec.  This 
response  was  undesirable  and  distracting  to  the  pilot  and  required 
that  he  reduce  the  severity  of  the  maneuver  and  direct  his  atten¬ 
tion  inside  the  cockpit  while  attempting  to  compensate  for  the 
main  rotor  speed  fluctuations  and  aircraft  oscillations 
(HQRS  5).  The  response  characteristics  noted  during  this  test 
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qualitatively  appeared  to  be  degraded  from  that  observed  during 
previous  evaluations  with  the  YT700-GE-700R  engines  Inst.  lied. 
The  englne/alrframe  response  observed  during  this  test  wi  ll  be 
most  prevalent  during  typical  NOE  maneuvers  such  as  a  quid  stop 
(fig.  83)  and  will  degrade  the  maneuvering  capability  of  the 
aircraft.  The  undesirable  englne/alrframe  response  during 
power  applications  from  a  zero  torque  condition  is  a  shortcoming 
which  should  be  corrected  prior  to  operational  use  of  the 
helicopter. 

42.  The  engine  response  to  variations  in  main  rotor  speed  was 
evaluated  during  a  low  power,  gradual  deceleration  from  100 
KIAS.  Collective  control  position  remained  fixed  throughout  the 
maneuver.  Time  history  data  of  this  maneuver  are  presented  In 
figure  84,  appendix  E.  The  deceleration  resulted  in  an  Increase 
In  Nr  to  103.5  percent  followed  by  a  decrease  to  97.7  percent. 
As  Nr  Increased,  engine  fuel  flow  began  to  decrease  at 
approximately  100.5  percent  Nr.  However,  as  main  rotor  speed 
decreased,  a  corresponding  Increase  In  fuel  flow  was  not  observed 
until  Nr  had  reached  98.6  percent.  The  engine  response  to 
variations  In  main  rotor  speed,  though  not  a  problem  during  this 
test,  may  have  contributed  to  the  undeslreable  englne/alrf rame 
response  discussed  In  paragraph  41  and  should  be  further  Investi¬ 
gated. 

^3.  Functional  checks  of  the  engine  controls,  monitoring  systems 
and  checklist  procedures  were  performed  during  this  test  and  were 
evaluated  qualitatively.  Tests  included  operational  checks  of 
engine  start,  runup  and  shutdown  procedures,  engine  overspeed 
system  and  electrical  control  unit  (ECU)  lockout  procedures. 
Qualitative  evaluations  of  the  TGT  limiting  system  and  torque 
matching  characteristics  were  also  conducted.  All  of  these  systems 
and  procedures  were  satisfactory  to  the  extent  of  the  evaluation. 

Instrument  Flight  Capability 

44,  A  limited  IMC  evaluation  was  performed  consisting  of  two 
flights  in  llght-to-moiJerate  turbulence.  Turbulence  reporting 
criteria  are  defined  i.-  table  1,  appendix  D.  Maneuvers  perfor¬ 
med  included  climbs,  lescents,  climbing  and  descending  turns, 
changing  airspeed  and  retrlmmlng  in  level  flight,  simulated 
Instrument  approaches  and  Instrument  takeoffs.  IMC  conditions 
were  simulated  by  the  Installation  of  white  curtains  In  the 
pilot  station  as  shown  In  photos  7  t  -ough  9.  All  flight  instru¬ 
ments  were  used  Including  the  EADI.  Instrument  approaches  were 
done  using  Precision  Approach  Radar  at  Marine  Corps  Air  Station, 
Yuma,  Arizona  and  using  the  doppler  to  simulate  Automatic 
Direction  Pinder  stations.  The  aircraft  flight  instruments 
sre  shown  in  photo  10.  The  PNVS  was  not  operational  during  this 
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test.  The  production  airspeed  configuration  (left  wing  pitot 
tube  connected  to  the  pilot  airspeed  Indicator)  was  used  for  the 
first  flight  only.  Maneuvers  were  flown  DASE  ON  with  the  attitude 
hold  ON  and  OFF  and  with  DASE  OFF  (DASE  must  be  ON  to  allow 
attitude  hold  to  be  engaged). 

45.  With  the  attitude  hold  engaged  the  aircraft  pitch  attitude 
remained  within  +3  degrees  of  trim  in  light  to  moderate  turb¬ 
ulence  with  only  minimal  pilot  input  (HORS  3).  Upon  initial  en¬ 
gagement  of  attitude  hold  a  pitch  oscillation  of  +2  to  3  degrees 
degrees  was  experienced  which  damped  out  in  two  to  three  cycles. 
When  retrimming  with  attitude  hold  ON,  the  recentering  of  the 
SAS  actuators  caused  changes  in  the  aircraft  attitude,  primarily 
in  pitch.  Several  large  longitudinal  cyclic  inputs  were  required 
to  set  the  proper  pitch  attitude  and  achieve  the  desired  airspeed 
(HORS  4),  Time  history  plots  of  retrimming  with  attitude  hold 
ON  (figs.  85  and  86,  app  E)  show  longitudinal  cyclic  inputs  of 
up  to  1.5  in.  required  to  counter  the  recentering  of  the  SAS 
actuators.  This  contributed  to  Increased  pilot  workload  required 
to  retrlm  the  aircraft  in  turbulence  and  appeared,  qualitatively, 
to  be  degraded  from  A&FC,  Part  2  (ref  7,  app  A).  Because  of  this 
problem  the  pilot  tended  to  fly  agalrst  the  force  gradients 
rather  than  retrim  when  small  airspeed  changes  were  required. 
The  excessively  large  longitudinal  cyclic  Inputs  required  when 
retrimming,  during  IMC  flight  with  attitude  hold  ON,  is  a 
shortcoming. 

46.  With  the  DASE  ON  and  attitude  hold  OFF,  pilot  workload 
Increased  significantly,  particularly  in  pitch  control,  to  main¬ 
tain  airspeed  within  +10  KIAS  (HQRS  5).  The  weak  longitudinal 
static  stability  (para  26)  contributed  to  poor  trimmability 
requiring  the  pilot  to  continuously  retrlm  the  aircraft.  The 
trim  system  freeplay  (0.3  in.)  noted  during  A&FC,  Part  2  (ref  7, 
app  A),  also  added  to  the  trimming  task  as  the  cyclic  tended  to 
creep  forward  requiring  the  pilot  to  set  the  trim  aft  of  the 
required  trim  position  to  compensate.  The  IMC  flight  characteris¬ 
tics  with  DASE  ON  and  attitude  hold  OFF  are  satisfactory  since 
this  1 8  considered  a  degraded  mode  of  operation.  The  trim  system 
failed  to  meet  the  requirements  of  paragraph  10.3.2.5  of  the 
system  specification  (ref  11,  app  A)  in  that  the  cyclic  control 
would  not  maintain  the  zero  force  position  selected  by  the 
pilot . 

47.  With  the  DASE  OFF,  pilot  workload  was  extremely  high,  particu¬ 
larly  in  pitch  where  the  divergent  long  term  characteristics 
(para  29)  made  airspeed  and  pitch  attitude  control  difficult 
(HORS  6).  Aircraft  control  was  still  possible  and  several 
approaches  were  flown  in  this  condition.  Airspeed  could  not  be 
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maintained  within  +10  KIAS  in  turbulence  at  all  times.  Tills 
made  altitude  control  difficult,  particularly  during  descent 
on  Instrument  approaches  and  large  collective  changes  were 
required  to  try  to  maintain  a  reasonable  approach  path  (HQRS  5). 
Although  difficult  to  fly,  the  aircraft  was  controllable  and  a 
successful  instrument  approach  could  be  accomplished.  The  1MC 
flight  characteristics  with  DASE  OFF  are  satisfactory  for  a 
degraded  mode  of  operation.  DASE  OFF  flight  under  simulated  1MC 
conditions  met  the  requirements  of  paragraph  10.3.2.7.3  of  the 
system  specification  (ref  11,  app  A). 

Dlgltial  Automatic  Stabilization  Equipment  Evaluation 

48.  Tests  were  conducted  to  evaluate  the  production  configuration 
DASE  software  (ref  17,  app  A)  which  was  installed  in  July  1982 
prior  to  the  handling  qualities  portion  of  the  A&FC.  The  produc¬ 
tion  DASE  configuration  is  described  in  appendix  B.  Tests  were 
conducted  to  assess  the  gust  response  in  forward  flight  and 
hover  with  the  DASE  ON,  with  attitude  hold  ON  and  with  Hover 
Augmentation  System  (HAS)  ON.  Additional  tests  were  done,  as 
recommended  in  A&FC,  Part  2,  (ref  7,  app  A),  to  investigate 
aircraft  response  to  sudden  recentering  of  the  SAS  actuators 
(simulated  DASE  failures)  and  to  determine  if  the  divergent  pitch 
and  roll  oscillations  in  HAS  mode  had  been  corrected.  Test 
conditions  are  shown  in  table  2. 

49.  The  level  flight  gust  response  was  evaluated  in  light  and 
occasionally  moderate  turbulence  with  the  DASE  ON  and  attitude 
hold  ON  and  OFF.  The  pilot  workload  required  to  maintain  airspeed 
within  +10  KIAS  was  not  noticeably  different  from  A&FC,  Part  2 
(ref  7,  app  A)  and  the  gust  response  appeared  unchanged.  In 
turbulence  with  attitude  hold  ON,  the  attitude  remained  within 
+3  degrees  from  the  trim  condition  with  minimal  pilot  input 
THQRS  3).  The  forward  flight  gust  response,  with  attitude  hold  ON 
and  OFF,  is  satisfactory. 

50.  The  gust  response  in  a  hover  was  evaluated  in  gusty  winds  of 
8  to  14  knots,  with  the  DASE  ON  and  the  HAS  ON  and  OFF.  Tests 
were  conducted  in  head  wind,  tail  wind,  and  crosswind  conditions. 
With  the  HAS  ON  the  aircraft  held  the  hover  position  within 
20  feet  with  only  occasional  pilot  input  (HQRS  3).  On  several 
occasions,  after  the  aircraft  was  trimmed  at  a  hover,  HAS  engaged 
and  cyclic  released,  the  aircraft  started  to  drift  and  accelerate 
away  from  the  desired  hover  location.  The  drift  was  easily  arres¬ 
ted  and  after  retrlmmlng  the  HAS  held  the  aircraft  over  the 
desired  hover  location.  The  drift  appeared  to  occur  only  upon 
Initial  HAS  engagement  and  not  after  retrimming  with  the  HAS 
already  engaged.  HAS  inputs  were  not  abrupt  as  in  earlier  tests 
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hut  were  similar  to  those  of  a  pilot  operating  under  similar 
conditions.  The  divergent  pitch  and  roll  oscillations  experienced 
with  the  HAS  in  A&FC,  Part  2  (ref  7,  app  A)  v.ere  not  present  in 
the  new  DASE  configuration.  The  gust  response  In  hovering  flight, 
with  the  DASE  ON  and  the  HAS  ON  and  OFF,  is  satisfactory.  The 
previously  reported  shortcoming  of  divergent  pitch  and  roll 
oscillations  while  hovering  with  the  HAS  engaged  has  been 
eliminated . 

51,  Simulated  three  axis  DASE  failures  were  performed  during  level 
flight,  with  attitude  hold  ON  and  OFF,  by  depressing  the  DASE 
release  switch  on  the  pilot  cyclic  grip.  Prior  to  disengagement  of 
the  DASE,  the  aircraft  was  stabilized  In  trim  for  one  minute.  After 
disengagement,  all  controls  were  held  fixed  for  a  minimum  of  three 
seconds.  Time  history  data  from  these  teats  are  presented  in 
figures  87  through  90,  appendix  E.  With  attitude  hold  ON,  the  SAS 
actuators  were  displaced  farthest  from  center  giving  the  most 
abrupt  response  when  centering  occured.  For  all  level  flight 
disengagements,  pitch,  roll,  and  yaw  rates  were  5  deg/aec  or 
less  after  three  seconds  and  no  control  problems  existed  as 
evidenced  by  the  pilot  being  able  to  hold  all  controls  fixed  for 
a  minimum  of  six  seconds  before  recovery.  The  aircraft  response 
to  simulated  DASE  failures,  in  forward  flight  with  attitude  hold 
ON  and  OFF,  is  now  satisfactory.  The  aircraft  response  to  abrupt 
disengagement  of  the  automatic  stabilization  equipment  in  level 
flight  met  the  requirements  of  paragraph  10.3.2.7.1  of  the  system 
specification  (ref  11,  app  A). 

52.  Simulated  three  axis  DASE  failures  were  performed  in  a  hover 
with  HAS  ON  and  OFF  using  the  same  technique  as  described  in 
paragraph  51.  In  addition,  simulated  failures  were  performed, 
with  HAS  ON,  by  attempting  to  drive  the  actuators  to  saturation 
in  one  axis  with  control  inputs  and  then  disengaging  the  DASE. 
Time  history  data  for  these  tests  are  presented  in  figures  91 
through  94,  appendix  E.  During  AAFC,  Part  2  (ref  7,  app  A)  it  was 
suspected  that  abrupt  recentering  of  the  SAS  actuators  from  a 
saturated  condition,  following  a  DASE  failure,  could  be  a  sig¬ 
nificant  problem  during  NOE  flight  and  confined  area  operations, 
when  driving  the  actuators  to  saturation  and  then  disengaging 
the  DASE,  aircraft  response  was  abrupt,  however,  with  tne  pilot 
in-the-loop,  control  was  maintained  and  the  aircraft  was  easily 
re-established  in  a  stabilized  hover  (HQRS  3).  Forward  saturation 
of  the  longitudinal  SAS  actuator,  which  was  considered  worst 
case  due  to  the  20%  control  authority,  was  attempted  but  could 
not  be  accomplished  (fig.  93).  Due  to  the  large  stick  inputs 
required  to  come  close  to  forward  SAS  saturation  with  HAS  ON,  it 
was  considered  unlikely  that  this  condition  could  occur  under 
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mission  conditions.  Aircraft  response  after  DASE  disengagement 
from  a  one  minute  stabilized  hover  resulted  in  pitch,  roll,  and 
yaw  rates  of  less  than  3  deg/sec  within  three  seconds  (fig.  94). 
The  controls  were  held  fixed  for  over  seven  seconds  and  then 
only  small  control  movements  were  required  to  re-establish  a 
stabilized  hover.  The  aircraft  response  to  simulated  DASE  fail¬ 
ures,  in  hovering  flight  with  the  HAS  ON  and  OFF,  is  now  satis¬ 
factory.  Aircraft  response  to  abrupt  disengagements  of  the 
automatic  stabilization  equipment  in  a  hover  met  the  requirements 
of  paragraph  10.3.2.7.1  of  the  system  specification  (ref  11, 
app  A). 

53.  During  A&FC,  Part  2  (ref  7,  app  A)  it  was  determined  that  due 
to  long  SAS  and  Command  Augmentation  System  (CAS)  washout  times, 
rate  damping  could  be  reduced  during  flight  in  turbulent 
conditions  due  to  SAS  actuator  saturation.  An  instrument  takeoff 
maneuver  similar  to  that  flown  during  A&FC,  Part  2  which  identi¬ 
fied  this  possibility,  was  flown  in  light  to  moderate  turbulence 
and  showed  that  at  all  times  during  the  maneuver,  rate  damping 
authority  was  adequate  (fig.  95,  app  E).  During  this  and  other 
mission  maneuvers  flown  in  turbulence,  the  SAS  actuators  saturated 
only  occasionally  and  remained  capable  of  providing  adequate 
rate  damping  in  pitch,  roll,  and  yaw  throughout  each  maneuver. 
The  occasional  SAS  actuator  saturation  produced  no  undesirable 
handling  qualities  and  was  not  noticeable  to  the  pilot.  The 
previously  reported  shortcoming  of  a  reduction  of  rate  damping 
authority  caused  by  excessive  SAS  and  CAS  washout  times  has  been 
eliminated. 

Simulated  Single  Engine  Failures 

54.  Single  engine  failures  were  slmulfed  by  having  the  copilot/ 
gunner  (CPG)  retard  one  of  the  power  levers  to  the  idle  position. 
Tests  were  conducted  at  the  conditions  shown  in  table  2.  Collect¬ 
ive  control  reduction  was  made  after  2.0  seconds  delay  time  or 
1.0  second  after  the  activation  of  the  low  main  rotor  speed  warn¬ 
ing,  for  specification  compliance.  Representative  time  histories 
of  simulated  single  engine  failures  are  presented  in  figures  96 
and  97,  appendix  F..  Initial  aircraft  response  was  a  slight  left 
yaw  which  was  easily  corrected  by  instinctive  directional  control 
inputs  (HQRS  2).  Due  to  this  mild  aircraft  response,  the  first 
indication  of  an  engine  failure  may  often  be  the  engine  out/low 
main  rotor  speed  audio  tone.  A  collective  control  delay  of 
1.0  second  after  activation  of  the  low  main  rotor  speed  warning 
resulted  in  Nr  droop  to  a  minimum  of  87.3  percent  during  a  simu¬ 
lated  engine  failure  at  maximum  horizontal  velocity  (Vjj) 
(fig.  96).  This  was  5.7  percent  below  the  minimum  power-on 
transient  Nr  of  93  percent.  No  adverse  handling  qualities  were 
observed  at  this  low  rotor  speed  and,  upon  collective  control 
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reduction,  Nr  returned  to  the  normal  operating  range  (98  to 
100  percent)  within  3  seconds.  Immediate  reduction  of  the 
collective  control,  following  activation  of  the  low  main  rotor 
speed  warning,  resulted  in  a  minimum  %  of  92.3  percent  and  a 
total  collective  control  delay  time  of  only  1.2  seconds  at  VH 
(fig.  97).  During  an  actual  engine  failure  at  high  power  settings, 
rapid  Nr  decay  rates  and  pilot  reaction  times  in  excess  of  one 
second  may  cause  Nr  to  droop  below  93  percent.  Although  aircraft 
response  to  simulated  single  engine  failures  appears  satisfactory 
to  the  pilot,  single  engine  operation  at  contingency  power  below 
a  transient  Nr  of  93  percent  should  be  investigated  to  insure  that 
aircraft  structural  load  limits  are  not  exceeded.  The  aircraft 
response  to  simulated  single  engine  failures  failed  to  meet  the 
requirements  of  paragraph  10.3.8.1.1  of  the  system  specification 
(ref  11,  app  A)  in  that  the  available  collective  control  delay 
time  at  VH  was  less  than  2.0  sec  by  0.8  sec. 

55.  The  engine  out  warning  system  was  evaluated  during  this  test 
to  determine  if  a  false  indication  of  a  dual  engine  failure  in 
the  event  of  a  single  engine  failure  would  occur.  This  was  a 
previously  reported  deficiency  during  A&FC,  Part  2  (ref  7,  app  A). 
The  system  was  modified  by  HHI,  prior  to  this  test,  by  lowering 
the  activation  threshold  from  93  to  89  percent  engine  power  tur¬ 
bine  speed  (Np).  The  system  was  evaluated  at  various  power 
conditions  ranging  from  autorotation  to  IRP.  The  89  percent 
threshold  was  found  to  be  adequate  for  providing  an  engine  out 
warning  within  4  to  7  seconds  of  a  simulated  partial  power  failure 
during  low  power  descents  (10  percent  torque  or  less).  At  high 
power  settings,  significant  Nr  and  accompanying  Np  droop  occurred 
with  a  simulated  single  engine  failure.  Np  decay  below  the  acti¬ 
vation  threshold  did  not  occur  as  frequently  as  reported  in 
A&FC,  Part  2.  A  one  second  collective  control  delay  beyond  the 
activation  of  the  low  main  rotor  RPM  warning,  following  a  simula¬ 
ted  single  engine  failure  at  Vr  resulted  in  Nr  and  Np  droop 
to  87.3  percent*  (para  54).  Np  droop  below  the  activation  thre¬ 
shold  of  89  percent  will  result  in  activation  of  the  engine  out 
warning  light  for  the  operating  engine.  This  condition  could  be 
incorrectly  interpreted  by  the  pilot  as  a  dual  engine  failure 
and,  during  terrain  flight  operations,  could  result  in  an  immedi¬ 
ate  landing  when  it  may  have  been  possible  to  establish  single 
engine  flight.  The  possibility  of  a  false  indication  of  a  dual 
engine  failure  in  the  event  of  a  single  engine  failure,  though 
less  likely  to  occur  with  the  reduced  activation  threshold, 
still  remains  a  deficiency.  The  engine  out  warning  system  should 
be  modified,  prior  to  production,  to  insure  that  it  provides  a 
timely  warning  of  engine  failure  under  all  flight  conditions  and 
does  not  activate  unless  an  actual  engine  failure  has  occurred. 
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56.  The  engine  oat  warning  system  was  evaluated  during  this  test 
to  determine  if  the  shortcoming  reported  in  A&FC,  Part  2,  (ref  7, 
app  A)  had  been  corrected.  Engine  failures  were  simulated  on 
the  ground  by  turning  the  engine  fuel  switch  off.  The  warning 
system  operated  consistently  at  63  percent  gas  producer  speed 
(Ng)  for  the  No.  1  engine  and  67. A  percent  Ng  for  the  No.  2 
engine.  The  system  operated  correctly  regardless  of  engine  power 
lever  position.  Previously  no  engine  out  warning  was  available 
unless  the  engine  power  lever  was  in  the  fly  position.  The 
discrepancy  between  the  activation  thresholds  for  the  No.  1  and 
No.  2  engines  appeared  to  be  a  problem  peculiar  to  the  test 
aircraft  (Equipment  Performance  Report  (EPR)  No.  80-17-3-8)  and 
did  not  detract  from  the  effectiveness  of  the  system.  The 
previously  reported  shortcoming  of  the  engine  out  warning  system 
not  in  accordance  with  design  requirements  has  been  corrected. 


VIBRATION  CHARACTERISTICS 

57.  The  forward  flight  vibration  characteristics  of  the  YAH-6A 
were  evaluated  in  both  the  8-HELLFIRE  and  the  2-ferry  tank 
(181  gallon)  configurations.  Tests  were  conducted  at  average 
density  altitudes  of  15,800  feet  and  15,320  feet,  respectively. 
Quantitative  vibration  data  were  gathered  at  the  conditions 
shown  in  table  2  and  are  presented  in  figures  98  through  107, 
appendix  E.  This  data  is  intended  to  supplement  the  data  obtained 
during  Parts  1  and  2  of  this  A&FC  (ref  7,  app  A).  Generally,  the 
4  per  revolution  (A/rev)  vibratory  accelerations,  of  19.3  hertz, 
were  most  noticeable  to  the  pilot  but  when  below  0.2g  were  not 
objectionable  (VRS  2-3).  Other  harmonic  vibrations  (1/rev, 
2/rev  and  8/rev)  were  not  objectionable  to  either  crewmember. 
The  vibration  characteristics  observed  in  the  8-HELI.FIRE  config¬ 
uration  were  essentially  the  same  as  those  observed  in  the  A&FC, 
Part  2.  Though  4/rev  vibration  were  slightly  higher  for  the 
2-ferry  tank  configuration  they  were  not  objectionable  in 
level  flight  between  the  range  of  50  and  91  KCAS  (the  maximum 
airspeed  tested).  A  significant  and  objectionable  Increase  in 
A/rev  vibration  was  noted,  during  IRP  climbs  at  80  to  90  KCAS, 
in  this  configuration.  Vibration  levels  during ■ climbs  Increased 
in  both  configurations  but  were  most  objectionable  in  the 
2-ferry  tank  configuration  (VRS  5-6).  The  vibrations  observed 
during  this  evaluation  were  most  apparent  at  the  pilots  station, 
as  they  have  been  during  previous  tests.  The  A/rev  vibration 
characteristics  are  essentially  unchanged  and  remain  objectionable 
during  several  flight  regimes.  As  previously  reported  in  Parts  1 
and  2  of  this  A&FC  program,  the  objectionable  A/rev  vibration 
remains  a  shortcoming. 
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RELIABILITY  AND  MAINTAINABILITY 


58.  The  reliability  and  maintainability  features  of  the  YAH-64 
aircraft  were  evaluated  throughout  the  test.  Eleven  EPR's  were 
prepared  and  submitted  during  this  evaluation  and  are  listed  in 
appendix  F.  This  section  is  intended  to  summarize  the  most  sig¬ 
nificant  reliability  and  maintainability  problems  encountered. 

59.  Throughout  the  test  program,  accumulation  of  oil  was  observed 
on  the  deck  below  the  main  transmission,  inside  each  engine 
cowling  and  dripping  from  the  tail  boom  after  accumulating  in  the 
maintenance  access  area  aft  of  the  main  transmission.  The  majority 
of  the  oil  appeared  to  be  leaking  from  the  engine  nose  gear  box 
seals.  A  total  of  90  ounces  of  oil  was  used  throughout  the  test 
(87.9  flight  hours)  in  the  No.  1  engine  nose  gear  box  and  146 
ounces  in  the  No.  2  engine  nose  gear  box.  The  excessive  oil 
accumulation  due  to  leakage  of  the  engine  nose  gear  boxes  has  been 
submitted  as  an  EPR  during  A&FC,  Part  2  (ref  7,  app  A)  and  is  a 
previously  reported  shortcoming. 

60.  Throughout  the  evaluation.  Heading  and  Attitude  Reference 
System  (HARS)/DASE  interface  and  HARS  alignment  problems  similar 
to  those  reported  in  A&FC,  Part  2  (ref  7,  app  A)  were  encountered. 
The  problem  is  not  with  the  HARS  units  but  with  the  special 
software  program  in  the  Back-lip  Bus  Controller  unique  to  the 
test  aircraft  (USA  S/N  77-23258).  Three  HARS  changes  were  made 
throughout  the  test  program  when  alignment  problems  were  encoun¬ 
tered.  When  these  units  were  installed  in  another  aircraft, 
which  had  a  complete  multiplex  system  to  include  a  Fire  Control 
Computer,  the  HARS  units  functioned  normally.  The  HARS  alignment 
and  HARS/DASE  interface  problems,  although  annoying  and  respons¬ 
ible  for  maintenance  down  time,  are  not  considered  a  problem 
area  since  they  appear  to  be  isolated  to  the  test  aircraft. 

61.  Numerous  incidents  of  main  transmission  oil  filter  bypass 
buttons  popping  were  encountered  particularly  at  the  high 
altitude  test  site  at  Bishop,  California  (EPR  80-17-3-4). 
The  oil  filter  bypass  buttons  are  designed  to  be  activated  by 
differential  oil  pressure  caused  by  a  clogged  filter.  Both  left 
and  right  filter  bowls  were  replaced  to  correct  the  problem  when 
checks  performed  after  several  incidents  showed  the  filters  to 
be  clean.  A  total  of  nine  incidents  of  the  buttons  popping  were 
reported  and,  on  occasslon,  flights  were  delayed  because  of  the 
problem.  It  appears  that  the  differential  pressure  required  to 
pop  the  filter  button  may  be  set  too  close  to  the  operating 
pressure  resulting  in  erroneous  activation  of  the  buttons.  The 
erroneous  activation  of  the  main  transmission  oil  filter  bypass 
buttons  is  a  shortcoming  which  should  be  corrected  prior  to 
operational  use  of  the  helicopter. 
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62.  Approximately  two  test  days  were  loBt  throughout  the  program 
for  unscheduled  maintenance  required  due  to  delamlnatlon  of  the 
main  rotor  blade  doublers  along  the  trailing  edge.  This  problem 
occurred  on  all  four  blades  on  one  flight  (EPR  80-17-3-10)  and  on 
one  blade  on  another  flight  (EPR  80-17-3-9).  A  third  incident 
occurred  between  the  two  reported  for  this  test  during  a  flight 
conducted  by  HH1.  Following,  the  third  Incident  where  all  four  main 
rotor  blades  de laminated  on  one  flight  an  engineering  change  was 
issued  to  cover  the  main  rotor  blade  doublers  with  a  layer  of 
fiberglass.  Subsequent  to  the  engineering  change,  no  further 
incidents  of  blade  delamination  occurred. 

63.  Throughout  the  test  program,  replacement  of  the  stabllator 
pivot  bushings  both  in  the  stabllator  and  vertical  fin  were 
responsible  for  the  majority  of  unprogrammed  maintenance  down 
time.  On  eleven  reported  occasions,  the  bushings  broke  loose 
requiring  replacement  and  on  at  least  two  of  these  occasions 
after  only  one  flight  since  installation  (EPR  80-17-3-5).  Prior 
to  the  end  of  this  test,  a  stabllator  with  a  modified  pivot 
bushing  system  (P/N  7-211122601)  was  installed  to  correct  this 
problem.  A  total  of  twelve  flights  were  flown  on  the  stabllator 
and  new  bushings,  with  no  reoccurrence  of  the  problem.  The  new 
stabllator  pivot  bushing  Installation  appears  to  have  corrected 
the  problem  of  recurring  stabil&tor  bushing  failures. 

64.  In  order  to  remove  a  previously  reported  shortcoming,  small 
doors  were  installed  on  the  engine  cowlings  to  allow  engine  oil 
levels  to  be  checked  without  opening  the  cowlings.  The  doors  were 
installed  to  open  into  the  relative  airflow  and  required  a  screw 
driver  to  open  the  latch.  Should  the  latch  fall  in  flight,  the 
doors  could  be  blown  open  by  the  airflow  and  torn  from  the  air¬ 
craft.  The  previously  reported  shortcoming  of  the  difficulty  in 
accurately  determining  the  engine  oil  levels  without  opening  the 
engine  cowlings  has  been  corrected.  The  engine  oil  level  inspec¬ 
tion  doors  should  be  modified  to  streamline  into  the  wind  and  a 
quick  release  latch,  which  requires  no  special  tool  to  open, 
should  be  incorporated. 


SUBSYSTEM  TESTS 


Engine  Starts 

65.  Engine  starting  characteristics  were  evaluated  throughout  the 
test  program.  Tests  Included  an  evaluation  of  normal  starts  on 
the  ground,  inflight  engine  restarts,  and  engine  restarts  after  a 
10  to  20  minute  heat  soak-back  period  on  the  ground.  Rotor  brake 
locked  staits  were  also  performed.  Engine  cross-bleed  starts 
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were  not  evaluated  due  to  failure  of  a  shaft  driven  compressor 
(SDC)  shutoff  valve  Installed  to  prevent  SDC  air  from  entering 
the  pressurized  air  system  thus  allowing  the  No.  2  engine  to  be 
started  using  bleed  air  from  the  No.  1  engine.  The  SDC  shutoff 
valve  was  installed  only  for  HHI  engine  cross-bleed  start  tests 
and  Is  not  part  of  the  production  system.  The  engine  start 
procedures  used  during  this  test  were  those  prescribed  In  the 
operator's  manual  (ref  12,  app  A)  as  modified  by  the  airworthiness 
release  (ref  10). 

66.  Normal  engine  starts  were  performed  on  the  ground  at  the  test 
site  elevations  of  800  feet,  4120  feet,  and  9980  feet.  Tests  were 
conducted  using  either  the  SDC  or  an  external  air  source  to 
provide  pressurized  air  for  starting  the  engines.  Representative 
time  history  plots  of  normal  engine  starts  are  provided  as 
figures  108  and  109,  appendix  E.  All  engine  3tarts  were  successful 
and  are  satisfactory. 

67.  Engine  starts,  on  the  ground  following  a  10  to  20  minute  heat 
soak-back  period,  were  conducted  at  test  site  elevations  of 
800  feet,  4120  feet,  and  9980  feet.  Tests  were  conducted  following 
a  normal  engine  shutdown  and  a  minimum  of  a  10  minute  delay  before 
attempting  an  engine  restart.  The  engine  power  lever  was  not 
advanced  to  the  idle  position  until  TGT  had  decreased  to  275®C. 
Time  history  plots  of  typical  engine  starts,  under  these  con¬ 
ditions,  are  shown  In  figures  110  and  111,  appendix  E.  All  start 
attempts  were  successful  and  essentially  the  same  as  normal 
starts  with  the  exception  of  slightly  higher  TGT  Indications. 
Engine  starts  following  a  10  to  20  minute  heat  soak-back  period 
were  satisfactory. 

68.  Inflight  engine  starts  were  performed  primarily  to  evaluate 
the  high  altitude  restart  capability  of  the  YT700-GE-701  engines 
and  to  evaluate  specification  compliance.  Tests  were  conducted  at 
density  altitudes  up  to  17,720  feet,  sideslip  angles  ranging  from 
0  to  +15  degrees  In  level  flight,  descents  and  autorotation. 
Test  conditions  are  shown  In  table  2.  The  engine  power  lever 
was  not  advanced  to  the  idle  position  until  TGT  had  decreased  to 
150®C«  A  time  history  of  a  typical  high  altitude  engine  restart 
Is  shown  in  figure  112,  appendix  E.  All  engine  start  attempts 
were  successful  and  no  adverse  conditions  were  noted.  Engine 
restarts  could  not  be  evaluated  for  specification  compliance 
since  the  aircraft  was  restricted  to  a  maximum  density  altitude 
of  20,000  feet  (ref  10,  app  A)  and  level  flight  could  not  be 
maintained  with  one  engine  inoperative  at  this  altitude.  The 
Inflight  restart  capability  of  the  YT700-GE-701  engines, 
up  to.  a  density  altitude  of  approximately  18,000  feet,  is 
satisfactory. 
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Engine  Fuel  Suction  Feed  System 


69.  Tests  were  conducted  to  determine  the  adequacy  of  the  engine 
fuel  suction  feed  system  during  high  altitudo/hot  day  conditions 
using  JP-4  ft  el.  A  total  of  22  flights  were  conducted  during 
July  1982  Proving  Ground,  Arizona.  Test  conditions  are 
presented  ir.  t  i  Le  4.  Fuel  temperature  measurements  were  taken 
immediately  i  ;v,  completion  of  each  flight.  A  comparison  of  data 
obtained  dur .  ihese  tests  with  the  suction  feed  envelope  re¬ 
quirements  of  the  system  specification  (ref  11,  app  A)  Is  shown 
In  figure  113,  appendix  E.  Illumination  of  the  engine  fuel 
pressure  warning  lights  was  observed  at  pressure  altitudes  of 
13,820  feet  and  14,980  feet  with  fuel  temperatures  of  91  and 
94°F,  respectively.  The  engine  fuel  pressure  warning  lights  are 
designed  to  illuminate  when  fuel  pressure  drops  below  9 
+1  pounds  per  square  Inch,  gauge  (pslg)  at  the  fuel  filter. 
During  normal  operation,  fuel  pressure  is  between  45  and  90  pslg 
at  the  fuel  filter.  Illumination  of  a  fuel  pressure  warning 
light  indicates  abnormal  operation  and  emergency  procedures  pub¬ 
lished  in  the  operator *8  manual  (ref  12,  app  A)  require  activa¬ 
tion  of  the  fuel  boost  pump.  Operation  with  JP-5  fuel  was  satis¬ 
factory  at  a  pressure  altitude  of  16,100  reet  and  a  fuel  temper¬ 
ature  of  107°F.  JP-5  fuel  should  be  used  for  operation  above 
pressure  altitudes  of  13,000  feet  with  fuel  temperatures  of  9C#F 
or  greater.  The  engine  fuel  suction  feed  system  failed  to  meet 
the  JP-4  fuel  suction  feed  requirements  of  20,000  feet  pressure 
altitude  at  a  fuel  temperature  of  95#P  as  specified  in  paragraph 
3.7.5.7.p  of  reference  11,  in  that  illumination  of  the  engine  fuel 
low  pressure  warning  light  was  observed  at  a  pressure  altitude 
of  13,820  feet  with  a  fuel  temperature  of  91®F. 


EXTERNAL  NOISE  SURVEY 


70.  An  external  noise  survey  was  conducted  under  the  research  and 
development  contract  requirements.  Acoustical  measurements  were 
taken  In  level  flight,  descents  and  hover.  Support  for  this  test 
was  provided  by  NASA/Ames  Research  Center  using  a  specially 
equipped  Y0-3A  aircraft  for  inflight  noise  measurements.  Test 
results  will  be  published  as  a  separate  report  by  the  US  Army 
Aeromechanics  Laboratory,  Moffett  Field,  California. 


MISCELLANEOUS 

71,  Testing  was  accomplished  to  determine  the  status  of  shortcom¬ 
ings  previously  reported  during  Parts  1  and  2  of  the  A&PC  (refs  6 
and  7,  app  A).  As  a  result  of  this  evaluation,  fifteen  short- 


Table  4,  JP-4  Fuel  Testa* 


Fuel 

Pressure 

Puel 

Date 

Temp 

Altitude 

OAT 

Remaining 

r  F) 

(ft) 

C  c) 

(fwd/aft) 

1  July 

84 

3420 

22 

430/80 

2  July 

80 

1960 

28 

440/400 

2  July 

84 

4980 

21 

790/400 

2  July 

94 

14,980 

3 

440/ 1302 

6  July 

82 

6560 

18 

759/510 

7  July 

80 

9500 

10 

410/70 

7  July 

82 

9500 

10 

380/80 

8  July 

82 

2220 

28 

330/80 

8  July 

92 

12,480 

7 

470/260 

9  July 

84 

2040 

29 

370/80 

12  July 

100 

6700 

22 

400/180 

12  July 

90 

1440 

31 

500/100 

13  July 

96 

11,300 

11 

470/80 

14  July 

92 

5020 

28 

350/100 

15  July 

104 

3680 

29 

810/580 

16  July 

92 

12,160 

7 

410/170 

16  July 

99 

2380 

27 

600/400 

19  July 

92 

6200 

24 

360/130 

20  July 

92 

960 

30 

310/320 

21  July 

91 

13,820 

4 

860/4002 

22  July 

102 

3120 

27 

930/210 

23  July 

93 

3360 

29 

360/400 

NOTES : 


*JP-4  Fuel,  Reid  Vapor  Pressure  of  2.6  pounds  per  square  Inch 
absolute  (psla) 

^Engine  fuel  pressure  warning  light  observed  during  flight 


comings  remain  valid  and  are  listed  belov.  The  previously  reported 
shortcomings  are  listed  in  order  of  relative  importance.  The 
AH-64  Program  Manager  and  HHI  have  identified  corrective  action 
for  the  shortcomings  shown  with  asterisks  (*)  (ref  18,  app  A). 

a.  Failure  of  the  Environment  Control  Unit  to  provide 
adequate  crew  station  cooling.* 

b.  The  objectionable  4/rev  (19.3  Hz)  vertical  vibration 
characteristics. 

c.  The  restriction  to  the  pilot's  field  of  view  caused  by 
window  edge  distortion,  the  overhead  circuit  breaker  panel,  canopy 
reflection,  CPG  helmet,  and  the  PNVS  turret. 

d.  The  poor  design  of  the  pilot's  fuel  control  panel.* 

e.  The  lack  of  a  reliable  indication  of  parking  brake  status. 

f.  The  difficulty  in  attaining  a  comfortable  seating  position 
with  reference  to  the  cyclic  and  collective  controls. 

g.  The  poor  location  of  the  pilot  engine  control  quadrant.* 

h.  The  poor  design  of  the  collective  pitch  control  friction 
mechanism.* 

i.  The  excessive  accumulation  of  oil  on  the  main  transmission 
deck  and  in  the  upper  fairing  maintenance  access  area.* 

J.  The  poor  location  of  the  tail  wheel  unlock  light. 

k.  The  high  Inherent  friction  of  the  engine  power  control 
levers. 

l.  The  Illumination  of  the  Auxiliary  Power  Unit  (APU)  ON 

advisory  light  prior  to  the  APU  stabilizing  at  100  percent  rpm.* 

m.  The  washout  of  the  rocket  panel  display,  Marconi  instru¬ 
ment  indications  and  caution,  warning,  and  advisory  panel  segment 
lights  in  direct  sunlight.* 

n.  The  poor  anthropometric  design  of  the  pilots  cyclic 

grip.* 

o.  The  constant  illumination  of  the  lower  green  segment 

light  on  the  Marconi  vertical  scale. 
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72.  The  previously  reported  shortcoming  of  the  Marconi  instruments 
falling  to  display  the  full  green  range  during  normal  operation 
has  been  corrected. 


CONCLUSIONS 


GENERAL 

73.  Based  on  the  A&FC  flight  test  of  the  YAH-64  helicopter,  the 
following  conclusions  were  reached: 

a.  The  YT700-GE-701  engines  provided  a  significant  increase 
in  power  available,  compared  to  the  YT700-GE-700R  engines,  and 
proved  to  be  very  reliable  throughout  the  test  program  (para  39). 

b.  The  hover,  vertical  climb,  and  level  flight  perfor¬ 
mance  is  significantly  improved  by  the  YT  700-GE-701  engines 
(para  7). 


c.  The  slope  landing  characteristics  on  lateral  slopes  of  up 
to  9  degrees  and  longitudinal  slon  is  of  up  to  10  degrees  are 
satisfactory  (paras  36  and  37). 

d<  The  gust  response  in  hover  and  forward  flight  is  satisfac¬ 
tory  with  the  production  BASE  software  (paras  49  and  50). 

e.  Aircraft  response  to  simulated  DASE  failures  in  hover 
and  forward  flight,  is  now  satisfactory  (paras  51  and  52). 

f.  The  new  stabilator  pivot  bushing  installation  (Part  No. 
7-211122601)  appears  to  have  corrected  the  problem  of  recurring 
stabilator  bushing  failures  (para  63). 

g.  The  inflight  restart  capability  of  the  YT700-GE-701 
engines  up  to  a  density  altitude  of  approximately  18,000  feet, 
is  satisfactory  (para  68). 

h.  One  enhancing  characteristic,  the  automatic  contingency 
power  feature  of  the  YT700-GE-701  engine,  was  identified 
(para  40). 

I.  The  previously  reported  deficiency,  the  possibility  of  a 
false  indication  of  a  dual  engine  failure  in  the  event  of  a  si  ngle 
engine  failure,  has  not  been  corrected  (para  55). 

J.  Five  previously  reported  shortcomings  have  been  corrected 
(paras  50,  53,  56,  64,  and  72). 

k.  Fifteen  previously  reported  shortcomings  remain  (para  71). 

l.  Three  additional  shortcomings  have  been  identified 
(paras  41,  45,  and  61). 

m.  Eleven  equipment  performance  reports  were  submitted  during 
this  test  (para  58). 
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n.  Nine  Incidents  of  specification  noncompliance  were  noted, 
three  of  which  were  considered  acceptable  (para  77). 


ENHANCING  CHARACTERISTIC 


74.  The  automatic  contingency  power  feature  of  the  YT  700-GE-701 
engine  (para  40). 


DEFICIENCY 

75.  The  following  deficiency  was  initially  identified  during  A&FC, 
Part  2  and  upon  re-evaluation  has  not  yet  been  adequately  correc¬ 
ted  (see  app  D  for  definition  of  deficiency  used  in  this  report). 

The  possibility  of  a  false  indication  of  a  dual  engine  failure 
in  the  event  of  a  single  engine  failure  (para  55). 


SHORTCOMINGS 


76.  The  following  shortcomings  (listed  in  order  of  relative 
Importance)  have  been  identified.  Those  shown  with  asterisks  (*) 
were  reported  on  previous  USAAEFA  tests  and  still  exist  (see 
app  D  for  definition  of  shortcoming  used  in  this  report). 

a.  The  undesireable  engine/airframe  response  during  power 
application  from  a  zero  torque  condition  (para  41). 

b.  Failure  of  the  Environment  Control  Unit  to  provide 
adequate  crew  station  cooling.* 

c.  The  objectionable  4/rev  (19.3  Hz)  vertical  vibration 
characteristics .* 

d.  The  restriction  to  the  pilot's  field  of  view  caused  by 
window  edge  distortion,  the  overhead  circuit  breaker  panel,  canopy 
reflection,  CPG  helmet,  and  the  PNVS  turret.* 

e.  The  poor  design  of  the  pilot's  fuel  control  panel.* 

f.  The  excessively  large  longitudinal  cyclic  inputs  required 
when  retrimming  during  IMC  flight  with  attitude  hold  ON  (para  45). 

g.  The  lack  of  a  reliable  indication  of  parking  brake  status. 


h.  The  difficulty  in  attaining  a  comfortable  seating  position 
with  reference  to  the  cyclic  and  collective  controls.* 

l.  The  poor  location  of  the  pilot  engine  control  quadrant.* 

J.  The  poor  design  of  the  collective  pitch  control  friction 
mechanism.* 

k.  The  erroneous  activation  of  the  main  transmission  oil 
filter  bypass  buttons  (para  61). 

1  The  excessive  accumulation  of  oil  on  the  main  transmission 
deck  aud  in  the  upper  fairing  maintenance  access  area.* 

m.  The  poor  location  of  the  tail  wheel  unlock  light.* 

n.  The  high  inherent  friction  of  the  engine  power  control 
levers.* 

o.  The  illumination  of  the  Auxiliary  Power  Unit  (APU)  ON 
advisory  light  prior  to  the  APU  stabilizing  at  100  percent  rpm.* 

p.  The  washout  of  the  rocket  panel  display,  Marconi  instru- 
ment  Indications  and  caution,  warning,  and  advisory  panel  segment 
lights  in  direct  sunlight.* 

q.  The  poor  anthropometric  design  of  the  pilots  cyclic 
grip.* 

r.  The  constant  illumination  of  the  lower  green  segment 
light  on  the  Marconi  vertical  scale.* 


SPECIFICATION  COMPLIANCE 

77.  The  YAH-64  was  found  to  be  in  noncompliance  with  the  following 
paragraphs  of  the  System  Specif ication  for  the  AH-64A  Advanced 
Attack  Helicopter  DRC-S-H10000B.  Additional  specification  non- 
compliance,  beyond  the  scope  of  this  evaluation  may  exist. 
Paragraphs  preceded  by  asterlstlcs  (*),  although  in  noncompliance, 
are  considered  acceptable. 

*a.  10.3.4.1  -  Variation  of  longitudinal  control  position  with 
airspeed  was  neutral  for  a  level  flight  trim  airspeed  of  60  KCAS 
(para  26). 


*b.  10.3.4.4.2  -  Average  response  time  to 

control  step  input  was  less  than  0.7  sec  by  0.2 


a  longitudinal 
sec  (para  32). 
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*C.  10.3.5.2.1  -  Average  response  tine  to  a  lateral  control 

step  input  was  less  than  0.7  sec  by  0.3  sec  (para  33). 

d.  10.3.*0.6  -  Landings  on  15  degree  lateral  slopes  were  not 
possible  due  to  large  fuselage  roll  attitudes  and  the  possibility 
of  tire/rin  separation  during  operation  on  a  lateral  slope  of 
10-1/2  degrees  (para  36). 

e.  10.3.10.6  -  Landings  on  a  12  degree  longitudinal  slope 
were  not  satisfactory  as  the  main  rotor  droop  stops  were  damaged 
when  landing  on  a  12  degree  longitudinal  slope  (para  37). 

f.  10.3.2.5  -  The  cyclic  control  would  not  maintain  the  zero 
force  position  selected  by  the  pilot  (para  46). 

g.  10.3.8.1.1  -  The  available  collective  control  delay  time 
at  Vjj  was  less  than  2,0  sec  by  0.8  sec  (para  54). 

h.  3.7.5.7.p  -  Engine  fuel  suction  feed  system  did  not  meet 
the  JP-4  fuel  suction  feed  envelope  of  20,000  feet  presure  alti¬ 
tude  at  a  fuel  temperature  of  95*F  in  that  illumination  of  the 
engine  fuel  low  pressure  warning  light  was  observed  at  a  pressure 
altitude  of  13,820  feet  with  a  fuel  temperature  of  91°F  (para  69). 
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RECOMMENDATIONS 


78.  The  following  recommendations  are  made: 

a.  Correct  the  deficiency  prior  to  operational  use  (para  75). 

b.  Correct  the  shortcomings  prior  to  operational  use 
(para  76). 

c.  Due  to  unusable  airspeed  indications,  takeoff  performance 
data  for  climbout  airspeeds  below  35  KTAS  should  not  be  presented 
in  chapter  7  of  the  operator's  manual  (para  11). 

d.  The  procedure  for  level  acceleration  takeoffa,  specified 
in  paragraph  8-50  of  the  operator's  manusl,  should  be  changed  to 
read  as  indicated  (para  11). 

e.  Place  the  following  CAUTION  in  chapter  2  of  the  operator's 
manual  (para  34): 

CAUTION 

Do  not  rely  on  the  position  of  the  park¬ 
ing  brake  handle  as  an  indication  of 
parking  brake  status.  Brakes  must  be  re¬ 
set  or  released,  as  appropriate,  to  de¬ 
termine  correct  status  of  parking  brake. 

f.  The  lateral  slope  landing  envelope  should  be  limited  to 
9  degrees  maximum  slope  angle  and  12  degrees  fuselage  roll  atti¬ 
tude  (para  36), 

g.  Place  the  following  CAUTION  in  chapter  8  of  the  operator's 
manual  (para  36): 

CAUTION 

During  slope  landing  operations,  use  the 
primary  attitude  indicator  to  insure  that 
fuselage  roll  attitude  does  not  exceed  12 
degrees  when  centering  the  cyclic.  Should 
fuselage  roll  attitude  r-..  .>  u  12  degrees 
before  the  cyclic  has  been  centered, 
reposition  the  aircraft  to  a  shallower 
slope. 

h.  The  longitudinal  slope  landing  envelope  should  be  limited 
to  10  degrees  maximum  slope  angle  (para  37). 
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1..  The  requirement  for  a  slope  landing  capability  on  greater 
than  10  degree  longitudinal  slopes  and  9  degree  lateral  slopes 
should  be  reevaluated  by  the  user  (paras  36  and  37). 

j.  The  engine  response  to  variations  in  main  rotor  speed 
should  be  further  investigated  (para  41). 

k.  The  engine  oil  level  inspection  doors  should  be  modified 
to  streamline  into  the  wind  and  a  quick  release  latch,  which 
requires  no  tool  to  open,  should  be  incorporated  (para  63). 

l.  JP-5  fuel  should  be  used  for  operation  above  pressure 
altitudes  of  13,000  feet  with  fuel  temperatures  of  90°P  or  greater 
(para  68). 
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GENERAL 


1.  The  YAH-64  Advanced  Attack  Helicopter  (fig.  1)  la  a  tandem, 
two-place  twin  turbine  engine,  single  main  rotor  aircraft 
manufactured  by  Hughes  Helicopters  Incorporated  (HHI).  The  main 
rotor  la  a  four-bladed  fully  articulated  system  supported  by  a 
stationary  mast  which  transmits  flight  loads  directly  to  the 
fuselage.  The  tall  rotor-  is  a  four-bladed,  semi-rigid,  delta- 
hinged  system  incorporating  elastromerlc  teetering  bearings.  The 
rotors  are  driven  by  two  General  Electric  YT700-GE-701  engines 
through  the  power  train  shown  in  figure  2.  An  AlResearch  GTCP 
36-55(c)  auxiliary  power  unit  (APU),  is  Installed  to  drive  the 
accessory  section  of  the  main  transmission  when  the  rotors  are 
not  turning.  This  provides  pneumatic  power  for  engine  starting  as 
well  as  electrical  and  hydraulic  power  for  aircraft  systems.  The 
aircraft  is  designed  to  carry  ordinance  stores  internally  in  the 
ammunition  bay  and  externally  on  the  four  wing  store  positions. 
The  YAH-64  is  designed  to  operate  during  day,  night  and  marginal 
weather  combat  conditions  using  the  Martin-Marietta  Target  Acqui¬ 
sition  Designation  System  (TADS)/Pllot  Night  Vision  Sensor  (PNVS). 
The  test  aircraft,  S/N  77-22258,  was  configured  with  an  aerody¬ 
namic  mockup  of  the  TADS/PNVS,  30mm  chain  gun  and  eight  HELLF1RE 
missiles  to  represent  the  primary  mission  configuration  (photos  1 
through  8).  Additional  HELLPIRE  missiles,  2.75-inch  rocket 
launchers,  and  external  fuel  tanks  were  attached  to  or  removed 
from  the  wing  pylons,  as  appropriate,  to  attain  each  of  the 
required  test  configurations  (photos  9  through  18).  The  major 
modifications  and  external  configuration  changes  since  AAFC , 
Part  2  and  the  major  external  difference  between  the  test  aircraft 
and  the  production  aircraft  configuration  are  presented  in 
in  table  1.  Drag  estimates  provided  by  HHI  are  included  in  this 
table  for  the  items  not  on  the  test  aircraft  but  described  in  the 
System  Specification  for  the  program  and  for  any  external  test 
instrumentation  equipment.  The  Back  Up  Control  System  (BUCS) 
was  not  operational  during  this  test. 
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Figure  2.  Powertrain 


Photo  2.  Right  Front  Quartering  View  (8-HELLF1RE  Configuration) 


Photo  3.  Right  View  (8-HELLFIRE  Configuration) 


Quartering  View  (8-HELLF1RE 
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Photo  9.  Front  View  (I6-HELLFIRE  Configuration) 


***  **  \ 


Photo  I’.  Front  View  ( 8-HELLFTRE ,  2-2.75  in.  Rocket  Launcher  Configuration) 
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hoto  18.  Right  Front  Quartering  View 
HELLFIRE  Lateral  Offset  Configuration) 


Table  1.  Configuration  of  Test  Aircraft  (USA  S/N  77-23258) 
Configuration  changes  since  A&FC  Part  2: 

a.  Re-installed  N/R  Instrumentation  rotating  Pulse  Code  Modula¬ 
tion  cannister. 

b.  Installed  YT700-GE-701  calibrated  engines  (G02J  Electrical 
Control  Units) 

c.  Modified  engine  Infrared  (IR)  Suppressor  nozzles  and  added 
support  brackets. 

d.  Installed  engine  oil  level  Inspection  doors  in  engine  cowling. 

e.  Installed  Digital  Automatic  Stabilization  Equipment  (DASE) 
production  software  (Program  No.  1571  DASE-001  REVNA) . 

Items  not  on  the  test  aircraft  but  defined  In  the  system  specifi¬ 
cation  for  the  production  program: 

Estimated  drag 
(ft2) 

a.  Maintenance  step  0.06 

(left  side  of  aircraft) 

b.  30mm  ammunition  feed  chute  0.60 

Items  not  in  the  system  specification  but  installed  on  the  test 
aircraft : 


Estimated  drag 
AFC  (ft2) 

a.  Airspeed  bcom  with  angle  of  attack  0.90 

and  sideslip  vanes 


b.  Instrumentation  canister  locates 
or.  main  rotor  hub 


0.14 


c.  Telemetry  antenna  brackets  located  0.20 

on  scissors  assembly  and  telemetry 

antenna  and  bracket  located  on 
underside  of  tall  cone  transition 
section 

d.  Instrumented  main  and  tall  rotor  0.01 

pitch  change  links 
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DIMENSIONS  AND  GENERAL  DATA 


Main  Rotor 


Diameter  (fc) 

Blade  chord  (in.) 

Main  rotor  total  blade  area  (ft?) 
Main  rotor  disc  area  (ft?) 

Main  rotor  solidity  (thrust  weighted, 
no  tip  loss) 

Airfoil 
Twlat  (deg) 

Number  of  blades 

Rotor  speed  at  100  percent  Nr  (RPM) 
Tip  speed  at  100  percent  N^  (ft/sec) 
Gear  ratio  (engine  to  main  rotor) 

Tail  Rotor 


Diameter  (ft) 

Chord;  constant  (in.) 

Tail  rotor  total  blade  area  (ft?) 
Tail  rotor  disc  area  (ft?) 

Tail  rotor  solidity 

Airfoil 

Twist  (deg) 

Number  of  blades 

Rotor  speed  at  100  percent  Ng  (RPM) 
Distance  from  main  rotor  mast 
centerline  (C^)  (ft) 

Tip  speed  at  100  percent  N^  (ft/sec) 
Teetering  angle  (deg) 

Maximum  blade  angle  (deg) 

Horizontal  Stabilatoi* 


Weight  (lb) 

Area  (ft?) 

Span  (ft) 

Tip  chord  (ft) 

Root  chord  (ft) 
Airfoil 

Geometric  aspect  ratio 
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21.0* 

166.5 

1809.56 

0.092 

HH-02** 

-9 

4 

289.3 

727.09 

72.424322 


9.17 

10 

14.89 

66.0 

0.2256 

NACA  632-414  (modified) 

-8.8 

4 

1403.4 

29.67 

673 

35 

27 


77.3 

33.36 

11.15 

2.65 

3.60 

NACA  0018 
J.41 


♦Includes  tips 

**0uter  20  Inches  swept  20  degrees  and  transitioned  to  an  NACA  006 
airfoil 
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Horizontal  Stabllator  (continued) 


Incidence  of  chord  line  (deg) 


Sweep  of  leading  edge  (deg) 

Sweep  of  trailing  edge  (deg) 
Dihedral  (deg) 

Vertical  Stabilizer 

Area  (from  boom  C^)  (ft  ) 

Span  (from  boom  C^)  (In) 

Root  chord  (at  boom  C^)  (In) 
Geometric  aspect  ratio 
Airfoil 

Sweep  of  Leading  edge  (deg) 
Vertical  stabilizer  trailing  edge 
deflection 


Variable  (AS  degrees 
leading  edge  up  to 
10  degrees  leading 
edge  dowc). 

2.89 

-7.23 

0 


32.2 

113.0 

44.0 


2.5 

NACA  4415  (modified) 
29.4 

16  deg  left  above  W.L. 
196.0 


Span  (ft)  16.33 

Mean  aerodynamic  chord  (In.)  45.9 

Total  area  (ft^)  61.59 

Plap  area  (ft^)  8.71  (fixed) 

Airfoil  at  root  NACA  4418 

Aircraft 

Fuel  quantity  (gala.)  369 

Design  gross  weight  (lb)  14694 

Maximum  gross  weight  (lb)  17850 


FLIGHT  CONTROL  DESCRIPTION 
General 

2.  The  YAH-64  helicopter  employs  a  single  hydromechanical 
Irreversible  flight  control  system.  The  hydromechanical  system 
Is  mechanically  activated  with  conventional  cyclic,  collective 
and  directional  pedal  controls,  through  a  series  of  push-pull 
tubes  attached  to  four  airframe  mounted  hydraulic  servoactuators. 
The  four  hydraulic  servoactuators  control  longitudinal  cyclic, 
lateral  cyclic,  main  rotor  collective  and  tail  rotor  collective 
pitch.  Cyclic  and  directional  servoactuators  incorporate  Integral 
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stability  augmentation  system  (SAS)  actuators.  Hydraulic  power 
la  supplied  by  two  Independent  3000-psl  hydraulic  systems  which 
are  powered  by  hydraulic  pumps  mounted  on  the  accessory  gearbox 
of  the  main  transmission  to  allow  full  operation  under  a 
dual-engine  failure  condition.  A  Digital  Automatic  Stabilisation 
Equipment  (DASE)  system  is  installed  to  provide  rate  damping 
and  command  augmentation.  The  DASE  is  limited  to  +10  percent 
of  control  authority  in  roll  and  yaw.  The  longitudinal  cyclic 
hydraulic  servoactutor  allows  20  percent  forward  and  10  percent 
aft  control  authority  in  the  pitch  axis.  The  DASE  also  provides 
attitude  hold  and  a  Hover  Augmentation  System  (HAS).  An 
electrically-actuated  horizontal  stabilator  is  attached  to  the 
lower  aft  portion  of  the  vertical  stabilizer.  Movement  of  the 
stabilator  can  be  controlled  either  manually  or  automatically. 
A  trim  feel  system  is  Incorporated  in  the  cyclic  and  directional 
controls  to  provide  a  control  force  gradient  with  control 
displacement  from  a  selected  trim  position.  A  trim  release  switch, 
located  on  the  cyclic  grip,  provides  momentary  interruption  of 
the  force  gradient  in  all  axes  simultaneously  to  allow  the  cyclic 
or  pedal  controls  to  be  placed  in  a  new  reference  trim  position. 
Full  control  travel  is  10.2  inches  in  the  longitudinal  control, 
9.2  inches  in  the  lateral  control,  11.5  inches  in  the  collective 
control,  and  4.3  Inches  in  the  directional  pedals. 

Cyclic  Control  System 

3.  The  cyclic  control  system  (fig.  3)  consists  of  dual-tandem 
cyclic  sticks  attached  to  Individual  support  assemblies  in  each 
cockpit.  The  support  assembly  houses  the  primary  longitudinal 
and  lateral  control  stops,  and  two  linear  variable  differential 
transformers  (IVDTs)  deolgned  to  measure  electrically  the  longi¬ 
tudinal  and  lateral  motions  of  the  cyclic  for  DASE  computer 
Inputs.  A  series  of  push-pull  tubes  and  bellcranks  transmit  the 
motion  of  the  cyclic  control  to  the  servoactuatorc  and  the 
mixer  assembly.  Motion  of  the  mixer  assembly  positions  the 
nonrotating  swashplate,  which  transmits  the  control  Inputs  to  the 
rotating  ewashplate  to  control  the  main  rotor  blades  In  cyclic 
pitch  (fig.  4).  The  cyclic  stick  grips  are  shown  in  figure  5.  A 
stick  fold  linkage  is  provided  to  allow  the  copilot/gunner  (CPC) 
to  lower  the  cyclic  stick  to  prevent  interference  when  operating 
the  weapon  systems. 

Collective  Control  System 

4.  The  collective  pitch  control  system  (fig.  6)  consists  of 
dual-tandem  collective  sticks  which  transmit  collective  inputs 
to  the  main  rotor  through  a  series  of  push-pull  tubes  and 
bellcranks  attached  to  the  collective  eervoactuator.  Motion  of 
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Figure  6.  Collective  Control  Subsystem 


the  servoactuator  Is  transmitted  through  the  mixer  assembly  to 
the  swashplate  to  control  the  main  rotor  blades  in  collective 
pitch.  Collective  Inputs  are  also  transmitted  to  the  load  demand 
spindle  of  each  engine  hvdromechanical  unit  (HMU).  The  HMU  meters 
the  fuel  as  appropriate  to  provide  collective  pitch  compensation. 
Located  at  each  collective  control  base  assembly  are  the  primary 
control  stop,  an  LVDT,  and  a  one  g  balance  spring.  The  LVDT 
supplies  electrical  inputs  to  the  stabllator  control  units. 

5.  Each  collective  stick  (fig.  7)  incorporates  a  switch  box 
assembly,  an  engine  chop  collar,  a  stabllator  control  panel 
and  an  adjustable  friction  control.  The  engine  chop  collar  allows 
rapid  deceleration  of  both  engines  to  flight  idle,  primarily  to 
allow  immediate  action  in  the  event  of  a  tail  rotor  failure. 

Directional  Control  System 

6.  The  directional  control  system  (fig.  8)  consists  of  a  series 
of  push-pull  tub’s  and  bellcranks  which  transmit  directional 
pedal  inputs  to  the  tail  rotor  hydraulic  servoactuator  located 
in  the  vertical  stabilizer.  Attached  to  each  directional  pedal 
assembly  is  a  primary  tail  rotor  control  stop  and  one  LVDT.  Two 
set3  of  wheel  brake  cylinders  are  attached  to  the  directional 
pedals  and  a  360  degree  swiveling  tall  wheel  is  Incorporated. 
The  tail  wheel  may  be  locked  in  the  trailing  position  by  means 
of  a  switch  located  on  the  pilot  instrument  panel. 

Trim  Feel  System 

7.  A  trim  feel  system  is  incorporated  in  the  longitudinal, 
lateral,  and  directional  control  systems.  The  system  uses 
individual  magnetic  brake  clutch  assemblies  in  each  of  the 
control  linkages.  Trim  feel  springs  are  incorporated  to  provide 
a  control  force  gradient  and  positive  control  centering.  The 
electromagnetic  brake  clutch  is  powered  by  28  VDC  and  is  protected 
by  the  TRIM  circuit  breaker.  A  complete  DC  electrical  failure 
will  disable  the  trim  feel  system  and  allow  the  cyclic  and 
directional  pedals  to  move  freely  without  resistance  from  the 
trim  feel  springs.  The  trim  release  switch  on  the  pilot  and  CFG 
grip  allows  momentary  release  of  the  trim  feel  system. 

Horizontal  Stabllator 


8.  The  horizontal  stabllator  is  attached  to  the  lower  aft  portion 
of  the  vertical  stabilizer.  A  dual,  series,  28  VDC  electromechan¬ 
ical  actuator  allows  incidence  changes  of  +45  to  -10  degrees 
leading  edge  up  (LEU)  of  travel.  Safety  features  include  aa 
automatic  shutdown  capability  which  allows  operation  in  the 


Figure  8.  Directions  Controls 


manual  mode  by  means  of  a  stabilator  control  panel  located  on 
each  collective  stick.  An  audio  tone  Is  associated  vlth  the 
failure  of  the  automatic  mode  of  operation.  A  stabilator  kill 
switch,  located  on  the  pilot  collective  stick,  disables  both  the 
automatic  and  manual  modes  operation  to  protect  against  a  hardover 
failure  (USA  S/N  77-23258)  only.  There  are  three  modes  of  stabil¬ 
ator  operation:  the  automatic  mode,  the  Nap-of-the-earth  (NOE)/ 
Approach  mode  and  the  manual  mode.  The  stabilator  is  controlled 
In  the  automatic  mode  by  two  stabilator  control  units  (SCUs). 
Each  SCU  controls  one  side  of  the  dual  actuator.  Both  SCUs  receive 
collective  control  position  Information  from  redundant  LVDTs. 
Two  Independent  pitch  rate  gyros  provide  pitch  rate  information 
to  the  SCUs  (one  gyro  for  each  SCU).  The  Air  Data  System  (ADS) 
provides  airspeed  to  both  SCUs.  Additionally,  the  left-hand 
pitot-static  system  supplies  airspeed  to  one  SCU  and  the 
right-hand  system  provides  airspeed  to  the  other  SCU.  Both  SCUs 
receive  position  information  from  both  sides  of  the  dual  actuator. 
The  maximum  rate  cf  stabilator  travel  is  7  degrees  per  second 
(deg/sec). 

9.  The  automatic  mode  Is  operational  when  the  aircraft  has 
normal  AC  and  DC  electrical  power  applied.  Automatic  positioning 
of  the  stabilator  during  flight  is  primarily  a  function  of 
airspeed  and  collective  position.  The  stabilator  also  responds 
with  a  low  gain  (0.2  deg/sec/sec)  and  limited  authority 
(+5.0  deg)  to  pitch  rate  inputs  to  the  SCU.  Software  In  the 
SCU  limits  the  incidence  change  In  the  automatic  mode  from 
+25  deg  to  -5  deg  LEU. 

10.  The  NOE/Approach  Mode  Is  selected  through  the  NOE/APPR  mode 
switch  on  the  pilot  DASE  panel  and  will  stay  engaged  at  any 
speed.  The  mode  becomes  operational  below  80  knots  Indicated 
airspeed  (KIAS)  and  will  move  the  stabilator  to  25  degrees  LEU 
at  a  3.6  deg/sec  rate.  The  mode  can  be  disengaged  by  manual  mode 
selection  below  80  knots,  activation  of  the  DASE  release,  or  by 
Che  AUTO  STAB  reset  switch.  Acceleration  through  80  KIAS  will 
engage  the  automatic  schedule  and  the  stabilator  will  move  at  a 
3.6  deg/sec  rate  for  10  seconds  or  until  commanded  position  is 
reached.  The  stabilator  then  reverts  to  normal  automatic  schedule 
of  7  deg/sec.  Failure  to  revert  to  automatic  schedule  will  result 
in  system  disengagement  with  both  visual  and  aural  Indications. 

11.  The  manual  mode  can  be  selected  below  80  KIAS  through  the 
pilot  and  CPG  manual  control  switch  on  either  collective  stick. 
Manual  control  selection  will  result  in  STAB  FAIL  caution  light 
illumination.  Selection  of  automatic  mode  can  be  accomplished 
by  pressing  the  AUTO  STAB  reset  switch  on  the  pilot  or  CPG 
collective  stick.  The  stabilator  will  move  at  a  3.0  deg/sec 
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rate  for  the  first  10  seconds  or  until  the  automatic  mode  schedule 
position  is  reached.  Acceleration  through  80  KIAS  in  manual  mode 
will  engage  the  normal  automatic  mode  and  the  stabilator  will 
move  at  a  7  deg/sec  rate. 

12.  The  SCUs  have  a  faul„  detection  feature  which  will  switch 
the  stabilator  mode  of  operation  from  automatic  to  manual  if  any 
of  the  following  conditions  are  sensed: 

a.  A  mismatch  between  the  positions  of  the  two  sides  of  the 
actuator  equivalent  to  10  degrees  of  stabilator  travel  (if  there 
is  a  runway  failure  of  one  side  of  the  actuator,  this  feature 
will  disable  the  automatic  mode  after  10  degrees  of  stabilator 
movement ) . 

b.  The  stabilator  at  a  position  of  20  degrees  or  greater 
with  an  airspeed  greater  than  110  KIAS. 

c.  The  stabilator  at  a  position  of  30  degrees  or  greater 
with  an  airspeed  greater  than  80  KIAS  (for  1  second  or  longer). 

d.  AC  power  to  the  collective  position  LVDTs  less  than 
23  VAC. 

Flight  Control  Rigging 

13.  A  flight  control  rigging  check  was  performed  in  accordance 
with  procedures  outlined  in  HHI  Experimental  Test  Procedure 
(EXP)  7-211510000,  dated  1  August  79  (main  rotor  upper  controls), 
ETP  7-211520000,  dated  3  March  81  (tail  rotor  powered  controls), 
and  ETP  7-211123600,  dated  21  April  80  (stabilator  control 
rigging)  in  conjunction  with  Stabilator  Checkout  Frocedure 
(rev  J4)  dated  30  July  82.  The  horizontal  stabilator  schedule 
is  shown  in  figure  9.  Tables  2  and  3  present  the  collective  and 
cyclic  rigging.  Tail  rotor  rigging  is  shown  below: 

Full  right  pedal:  15.1  degrees  thrust  to  left 
Full  left  pedal:  27.0  degrees  thrust  to  right 

Digital  Automatic  Stabilization  Equipment 

14.  The  DASE  provides  rate  damping  (SAS),  command  augmentation 
(CAS),  HAS,  attitude  hold,  and  turn  coordination.  A  block  diagram 
of  the  DASE  is  provided  as  figure  10.  The  DASE  is  controlled  by 
the  digital  automatic  stabilization  equipment  computer  (DASEC). 
The  DASEC  receives  information  from  several  sources.  The  heading 
and  attitude  reference  system  (HARS)  provides  the  DASEC  with 
aircraft  angular  velocities  (3  axes),  aircraft  attitudes  (pitch, 
roll,  and  heading),  and  inertial  horizontal  and  lateral  velocities 
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Table  2.  Anele  Measorementa 


Table  3.  Computation  of  Blade  Angle  Travel  Pilots  Collective 

and  Cyclic  Controls 


Computation 
LONGITUDINAL  CYCLIC 

1.  Forward  ■  1/2  (Item  *9  -  Item  2)“ 
(If  Item  2  Is  leading  edge  down 
add  item  2) 

2.  Aft  -  1/2  (Item  3  -  Item  10)  - 
(If  Item  10  is  leading  edge  down 
add  Item  10) 

LATERAL  CYCLIC 

3.  Left  -  1/2  (Item  13  -  Item  17)  - 
(If  Item  17  is  leading  edge  down 
add  Item  17) 

4.  Right  -  1/2  (Item  18  -  Item  14)  ■ 
(If  Item  14  is  leading  edge  down 
add  Item  14) 


Travel  Tolerance 

(deg)  (deg) 


20.8  20“  (minimum) 


10.9  10°  (minimum) 


11.2  10.5“  (minimum) 


7.6  7.0°  (minimum) 


COLLECTIVE 

5.  Full  pitch  travel  *  (Item  5-Item  b)»  19.2  18.0°  (minimum) 

(If  Item  6  1 8  leading  edge  down 

add  Item  6) 

6.  Measured  @  pitch  housing 

(Bolt  pad  machined  surface  2.4  in.  -8.4  -10°  to  -  7° 

inboard  of  lead-lag  hinge/ 


*Item  numbers  obtained  from  table  2 
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(measured  by  the  Doppler  radar).  The  ADS  provides  longitudinal 
airspeed  and  sideslip  angle.  The  LVDTs  provide  longitudinal, 
lateral,  collective  and  directional  control  position  information. 
The  DASEC  processes  this  information  and  commands  control  Inputs 
through  the  electrohydraulic  servo  valves  on  the  longitudinal, 
lateral,  and  directional  servoactuators.  The  DASE  authority  is 
limited  in  the  lateral  and  directional  axis  to  +10  percent  of 
full  control  authority  while  the  longitudinal  axis  is  limited 
to  20  percent  forward  and  10  percent  aft. 

15.  The  SAS  function  of  the  DASE  system  provides  rate  damping  in 
pitch,  roll,  and  yaw  axes.  Each  axis  is  separately  engageable 
through  a  magnetically  held  toggle  switch  on  the  DASE  control 
panel  shown  in  figure  11.  The  CAS  is  used  to  augment  the  pilot 
control  inputs  and  is  an  automatic  function  of  the  DASE  whenever 
pitch  and  roll  SAS  are  selected  and  yaw  SAS  is  selected  below 
60  knots  true  airspeed  (KTAS).  The  yaw  CAS  function  is  automati¬ 
cally  disengaged  during  ground  operations.  Schematic  diagrams 
showing  gains  and  transfer  functions  of  SAS/CAS  are  provided  as 
figures  12  through  14. 

16.  A  limited  authority  HAS  mode  is  provided  through  pitch  and  roll 
DASE  channels  using  rates,  attitudes  and  doppler  corrected 
Inertial  velocities  from  the  KARS.  HAS  is  used  to  reduce  pilot 
workload  by  assisting  the  pilot  in  maintaining  a  desired  hover 
position.  HAS  is  engageable  below  15  knots  ground  speed  and 
50  KTAS  whenever  the  pitch  or  roll  DASE  channels  are  engaged. 
Additionally,  a  heading  hold  mode  is  provided  through  the  yaw 
DASE  channel  using  aircraft  heading  information  from  the  HARS. 
This  function  is  engaged  whenever  the  yaw  DASE  channel  is  engaged 
and  the  HAS  switch  is  selected.  Schematic  diagrams  are  shown  in 
figures  15  through  17. 

17.  A  limited  authority  attitude  hold  mode  is  provided  through 
pitch  and  roll  SAS.  Attitude  Hold  is  engageable  above  60  KTaS 
whenever  Ditch  and  roll  SAS  are  engaged.  Attitude  Hold  will 
automatically  disengage  whenever  the  airspeed  is  decreased  to 
50  KTAS.  Schematic  diagrams  are  shown  in  figures  1?  and  !9. 

18.  A  limited  authority  turn  coordination  function  is  provided 
through  yaw  SAS  using  sideslip  information  from  the  ADS.  This 
function  is  automatically  provided  above  60  KTAS  whenever  yaw 
SAS  is  engaged.  A  schematic  diagram  is  shown  In  figure  20. 
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FIGURE  20.  YAW  1URN  COORDINATION  MODE 


HYDRAULIC  SYSTEM 


General 

19.  The  hydraulic  system  insists  of  four  hydraulic  servoactuatocs 
powered  simultaneously  by  two  independent  3000-psi  hydraulic 
systems.  Each  servoactuator  simultaneously  receives  pressure  from 
the  primary  and  utility  systems  to  drive  the  dual-tandem  actu¬ 
ators.  This  design  allows  the  remaining  system  to  automatically 
continue  powering  the  servos  in  the  event  of  a  single  hydraulic 
system  failure.  The  two  systems  (primary  and  utility)  are  driven 
by  the  accessory  gearbox  utilizing  variable  displacement  pumps, 
independent  reservoirs  and  accumulators.  The  APU  drives  all 
accessories,  Including  the  hydraulic  pumps,  when  the  aircraft 
is  on  the  ground  and  the  rotors  are  not  turning.  The  accessory 
gearbox  is  driven  by  the  main  transmission  during  flight  and 
provides  for  normal  operation  of  both  hydraulic  systems  during 
autorotation.  An  emergency  hydraulic  system  is  provided  to 
allow  emergency  operation  of  the  flight  controls  in  the  event  of 
a  dual  system  failure. 

Primary  Hydraulic  System 


20.  The  primary  hydraulic  system  (fig.  21)  consists  of  a  one-pint 
capacity  reservoir,  which  is  pressurized  to  30  psi  using  air  from 
the  shaft-driven  compressor;  an  accumulator,  which  has  a  nitrogen 
precharge  of  IA00  psi,  designed  to  reduce  surges  in  the  hydraulic 
system;  and  a  primary  manifold  that  directs  the  fluid  to  the  lower 
side  of  the  four  serovactuators .  The  primary  system  also  provides 
the  hydraulic  pressure  for  operation  of  the  DASE  functions. 

Utility  Hydraulic  System 


21.  The  utility  hydraulic  system  (fig.  22)  consists  of  an  air 
pressurized  1.3  gallon  reservoir  and  a  3000-psi  accumulator  which 
drives  the  APU  starting  motor.  The  utility  manifold  directs  fluid 
to  the  upper  side  of  the  servoactuators ,  the  stores  pylon  system, 
tall  wheel  lock  mechanism,  area  weapon  turret  drive,  and  rotor 
brake.  Other  manifold  functions  include  an  auxiliary  isolation 
check  valve  which  isolates  the  nrea  weapon  turret  drive  and 
external  stores  actuators  when  either  a  low  pressure  or  low  fluid 
condition  exists:  a  low  pressure  sensor  isolates  the  accumulator 
as  an  emergency  hydraulic  source  for  the  servoactuators  in  the 
event  of  a  dual  hydraulic  system  failure.  The  accumulator  assembly 
stores  enough  fluid  for  emergency  ooeration  of  the  flight  controls 
through  four  full  strokes  of  the  collective  stick  and  one 
ISO  degrees  heading  change.  The  emergency  system  may  be  activated 
by  either  the  pilot  or  CPG  emergency  switch.  An  electrically 
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activated  emergency  shutoff  valve  is  designed  to  isolate  the 
utility  side  of  the  directional  servoactuator  and  the  tail 
wheel  lock  mechanism  when  a  low  fluid  condition  exists*  The 
electrical  connections  for  this  valve  were  not  installed  on 
S/N  77-23258  during  this  test. 

Servoactuators 


22.  Individual  hydraulic  servoactuators  are  provided  for  longi¬ 
tudinal,  lateral,  collective,  and  directional  controls.  Each 
servoactuator  (fig.  23)  consists  of  a  ballistically  tolerant 
housing,  a  single  actuator  rod  and  dual  frangible  pistons,  a 
BUCS  plunger,  and  various  parts  for  routing  of  both  primary  and 
utility  hydraulic  fluid.  The  system  is  designed  to  accomodate 
all  flight  loads  with  a  failure  of  either  system,  however,  some 
control  authority  will  be  lost  in  the  directional  servoactuator 
system.  DASE  and  BUCS  functions  would  be  lost  with  failure  of 
the  primary  system.  The  BUCS  plunger  assemblies  were  installed 
during  this  test,  however,  electrical  connections  were  omitted. 


ENGINES 

23.  The  YAH-64  helicopter,  for  this  test,  was  powered  by  two 
General  Electric  YT700-GE-701  front  drive  turboshaft  engines, 
rated  at  1690  shp  (sea  level,  standard  day,  uninstalled).  The 
engines  are  mounted  in  nacelles  on  either  side  of  the  main 
transmission.  The  basic  engine  consists  of  four  modules:  a  cold 
section,  a  hot  section,  a  power  turbine,  and  an  accessory  section. 
Design  features  of  each  enginr  include  an  axial-centrifugal  flow 
compressor,  a  through-flow  combustor,  a  two-stage  air-cooled  high- 
pressure  gas  generator  turbine,  a  two-stage  uncooled  power  turbine 
and  self-contained  lubrication  and  electrical  systems.  In  order 
to  reduce  sand  and  dust  erosion,  and  foreign  object  damage,  an 
integral  particle  separator  operates  when  the  engine  is  running. 
The  YT700-GE-701  engine  also  incorporates  a  history  recorder 
which  records  total  engine  events.  Engines  S/N  GE-E-374002  and 
GE-E-374001  were  installed  in  the  left  and  right  positions, 
respectively.  Both  engines  were  equipped  with  G02J  Electrical 
Control  Units  (ECUs).  ECUs  S/N  0008  and  2004  were  installed  on 
the  left  and  right  engine,  respectively.  The  following  engine 
data  are  provided: 

Model  YT700-GF.-701 

Type  Turboshaft 
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Rated  power  (intermediate) 

Output  speed  (at  100  percent  Ng) 
Compressor 

Variable  geometry 

Combustion  chamber 


1690  shp  sea  level, 
standard  day, 
uninstalled 

20,952  RPM 

5  axial  stages, 

1  centrifugal  stage 

Inlet  guide  vanes , 
stages  1  and  2 
stator  vanes 

Single  annular  chamber 
with  axial  flow 


Gas  generator  turbine  stages  2 

Power  turbine  stages  2 


Direction  of  rotation  (aft  looking  Clockwise 

forward) 


Uelght  (dry) 
Length 

Maximum  diameter 
Fuel 

Lubrlc  oil 


423  lb 
47  in. 

2.J  in. 

MIL-T-5624  (JP-4  or 
JP-5) 

MIL-L-7808  or 
MIL-L-23699 


Electrical  power  requirements  for  40W,  115  VAC,  400  Hz 

history  recorded  and  Np  overspeed 
protection 

Electrical  power  requirements  for  1  amp,  28  VDC 

anti-ice  valve,  filter  bypass 
indication,  oil  filter  bypass 
Indication,  and  magnetic  chip  detector 
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INFRARED  (IR)  SUPPRESSION  SYSTEM 


24.  The  IR  suppression  system  consists  of  finned  exhaust  pipes 
attached  to  the  engine  outlet  and  bent  outboard  to  mask  hot 
engine  parts.  The  finned  pipes  radiate  heat  which  is  cooled  by 
rotor  downwash  in  hover  and  turbulent  air  flow  in  forward  flight. 
The  engine  exhaust  plume  is  cooled  by  mixing  it  with  engine 
cooling  air  and  bay  cooling  air  (fig.  24).  The  exhaust  acts  as 
an  eductor,  creating  air  flow  over  the  combustion  section  of  the 
engine  providing  engine  cooling.  Fixed  louvers  on  the  cop  and 
bottom  of  the  aft  cowl  and  a  door  on  the  bottom  forward  cowling 
provide  convective  cooling  to  the  engine  during  shutdown.  The 
movable  bottom  door  is  closed  by  engine  bleed  air  during  engine 
operation. 


fuel  system 

2?.  The  YAH-64  fuel  system  has  two  fuel  cells  located  fore  and  aft 
of  the  ammunition  bay.  The  system  includes  a  fuel  boost  pump  in  the 
aft  cell  for  starting  and  for  high-altitude  operation,  a  fuel 
transfer  pump  for  transferring  fuel  between  cells,  a  fuel 
crossfeed/shutoff  valve,  and  provisions  for  pressure  and  gravity 
fueling  and  defueling.  Additionally,  provisions  exist  for  ex¬ 
ternal,  wing-ir.ounted  fuel  tanks.  The  two  ferry  configuration  for 
this  test  included  181  gal.  fuel  tanks.  Figure  25  is  a  schematic 
of  the  fuel  system.  Figure  26  shows  the  locations  and  capacities 
of  the  two  internal  fuel  cells. 

26.  By  using  the  tank  select  swltc'  on  the  fuel  control  panel 

(fig.  27),  the  pilot  or  CPG  can  select  either  or  both  tanks 
from  which  the  engines  will  draw  fuel.  With  the  tank  select 
swttch  in  the  NRML  position,  the  left  (No.  1)  engine  will  draw 

fuel  from  the  forward  fuel  cell  and  the  right  (No.  2)  engine 

will  draw  from  the  aft  cell.  When  FROM  FWD  is  selected  on  the 
tank  select  switch,  the  two  fuel  crossfeed/shutoff  valves  are 
positioned  so  that  both  engines  draw  fuel  from  the  forward  tank. 
The  FROM  AFT  position  allows  the  engines  to  draw  fuel  from  the 
aft  tank  only.  The  tank  select  switch  is  disabled  whenever  the 
boost  pump  is  on.  When  the  boost  pump  is  on,  the  fuel 

crossfeed/shutoff  valves  are  positioned  to  allow  only  fuel  from 

the  aft  cell  to  feed  both  engines.  The  air-driven  boost  pump 
ope-ates  automatically  during  engine  start  and  may  be  activated 
by  the  switch  on  the  pilot  or  CPC  fuel  control  panel. 

27.  The  pilot  and  CPC  also  have  the  capability  to  transfer  fuel 
between  tanks  using  the  transfer  switch  on  the  fuel  control 
panels.  Moving  the  fuel  transfer  swttch  out  of  the  OFF  position 
closes  the  refuel  valve  and  activates  the  air-driven  pump  which 
transfers  fuel  In  the  selected  direction. 
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APPENDIX  C.  INSTRUMENTATION 


1.  The  Airborne  datfl  acquisition  system  was  installed,  calibra¬ 
ted,  and  maintained  by  Hughes  Helicopters,  Inc.  The  system  used 
pulse  code  modulation  encoding,  and  magnetic  tape  was  used  to 
record  parameters  on  board  the  aircraft.  A  boom  was  mounted  on 
the  left  side  of  the  aircraft,  extending  52  Inches  forward  of 
the  nose.  A  swiveling  pitot-static  tube,  an  angle-of-attack 
sensor,  and  an  angle-of-sldeslip  sensor  were  mounted  on  the 
boom.  Figure  1  presents  the  position  error  correction  for  the 
boom  airspeed  system.  Irietrumentation  and  related  apeclal 
equipment  used  for  this  test  follows: 

Pilot  Station  (Aft  Cockpit) 

Pressure  altitude  (boom) 

Airspeed  (boom)  (sensitive  and  digital) 

Tether  cable  tension 
Main  rotor  speed  (digital) 

Engine  torque  (both  engines)* 

Engine  turbine  gas  temperature  (both  engines)* 

Engine  power  turbine  speed  (both  engines)* 

Engine  gas  producer  speed  (both  engines)* 

Angle  of  sideslip 

Tether  cable  angles  (longitudinal  and  lateral) 

Longitudinal  control  position 
Lateral  control  position 
Directional  control  position 
Collective  control  position 
Stabllator  angle* 

Normal  acceleration 

Copllot/foinner  Station  (Forward  Cockpit) 

Airspeed  (ship,  left) 

Altitude  (ship) 

Main  rotor  speed 

Engine  torque  (both  engines)* 

Engine  turbine  gas  temperature  (both  engines)* 

Engine  gas  producer  speed  (both  engines)* 

Total  air  temperature 
Time  code  display 
Data  saltern  controls 
Fuel  ed  (both  engines) 


*t tandard  ship  systems  calibrated  for  test 
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PCM  Parameters 


Time  code 
Event 

Main  rotor  speed 

Fuel  temperature  (both  engines) 

Fuel  used  (both  engines)- 

Engine  fuel  flow  rate  (both  engines) 

Engine  gas  producer  speed  (both  engines) 

Engine  pewer  turbine  speed  (both  engines) 

Engine  torque  (both  engines) 

Engine  turbine  gas  temperature  (both  engines) 

Airspeed  (boom) 

Airspeed  (ship,  right  and  left) 

Altitude  (boom) 

Altitude  (ship) 

Total  air  temperature  (boom) 

Angle  of  attack 
Angle  of  sideslip 
Tether  cable  tension 

Tether  cable  angle  (longitudinal  and  lateral) 

Control  positions 

Longitudinal  cyclic 
Lateral  cyclic 
Directional 
Collective 

Stabllator  Incidence  angle 

Aircraft  attitudes  (from  heading  and  attitude  reference  set  (HARS)) 
Pitch 
Roll 
Yaw 

Aircraft  angular  velocities  (from  HARS) 

Pitch 

Roll 

Yaw 

Stability  augmentation  system  actuator  position 
Longitudinal 
Lateral 
Dlrectlona 1 
Air  data  system 

Longitudinal  airspeed 
Lateral  airspeed 
Resultant  airspeed 
Pressure  altitude 
Air  temperature 
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Control  actuator  positions 
Tal 1  rotor 
Collective  pi  toll 
bong  1 1 1 irt  1  no  1  cyclic 
Cat <* ra  1  rye  1  I  c 
Radar  altitude 

Confer  of  gravity  imiin.ll  acre  terat  I  on 
Center  of  gravity  lateral  acceletat  ion 
Vibrat  ion  arrclcrumof ors 

Pilot  station  (3  axesHpJlot  seat) 

Pi  lot  floor  (3  axes  ) 

CopiloL  station  (3  axes)  (copilot  seat) 

Copilot  floor  (3  axes) 

Center  of  grnvl ty  (3  axon) 

Cither  Instrumentation 

Main  rotor  1/rev  signal  t ransml r t ed  over  VHF  radio  (noise  survey 
only) 

2.  A  portable  weather  station,  consisting  of  an  anemometer, 
sensitive  temperature  gauge,  and  barometer,  was  used  to  record 
wind  speed,  wind  direction,  ambient  temporarnre,  and  pressure 
altitude  at  selected  heights  up  to  100  feet  above  ground  level. 

3.  A  calibrated  load  cell  was  Incorporated  with  a  cargo  hook 
Installed  In  the  aircraft  ammunition  bay.  Indicators  were  in¬ 
stalled  in  the  cockpit  for  displaying  t  he  cable  tension  and 
cable  angle  during  the  tethered  hover  tests. 
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APPENDIX  D.  TEST  TECHNIQUES  AND  hods 
DATA  ANALYSIS  METHODS 

GENERAL 

1.  Performance  data  were  obtained  using  the  methods  described  In 
Army  Materiel  Command  Pamphlet  AMCP  706-204  (ref  13,  app  A)  as  a 
guide.  Handling  Qualities  Data  were  evaluated  using  test  methods 
described  In  Naval  Air  Test  Center  Flight  Test  Manual  FTM  No.  101 
(ref  14)  as  a  guide. 


AIRCRAFT  WEIGHT  AND  BALANCE 


2.  The  aircraft  was  weighed  in  the  clean  configuration,  as 
instrumented  for  test,  with  full  oil  and  fuel  drained  prior  to 
the  start  of  the  test  program.  The  initial  weight  of  the  aircraft 
was  12,074  pounds  with  the  longitudinal  center  of  gravity  (eg) 
located  at  fuselage  station  (FS)  215.7.  The  lateral  and  vertical 
eg  locations  were  calculated  to  be  butt  line  0.8  left  and  water 
line  150.7.  The  aircraft  was  weighed  before  and  after  each  perfor¬ 
mance  test  flight  for  approximately  the  first  half  of  the  test 
program  because  of  unreliable  fuel  used  instrumentation.  All  the 
hover,  takeoff  and  most  of  the  level  flight  performance  data 
were  obtained  during  this  time.  The  unreliable  fuel  used  problem 
was  resloved  with  the  installation  of  newly  calibrated  fuel  flow 
meters.  The  aircraft  was  also  weighed  towards  the  end  of  the 
test  program  and  was  within  6  pounds  of  the  calculated  aircraft 
weight.  The  fuel  cells  and  external  sight  gauges  were  calibrated 
using  a  scale  and  50  gallon  container  which  was  filled  In  10C  lb 
Increments.  The  measured  fuel  capacity  of  the  forward  and 
aft  cells  were  144  and  208  gallons,  respectively.  The  fuel 
weight  for  each  test  flight  was  determined  before  and  after  each 
flight  using  an  external  sight  gauge  to  determine  the  fuel 
volume  and  a  hydrometer  to  measure  the  specific  gravity  of  the 
fuel.  Fuel  was  transferred  between  fuel  cells  in  flight  to 
adjust  the  longitudinal  eg. 


PERFORMANCE 

General 

3.  Helicopter  performance  was  generalized  through  the  use  of  non- 
dimensional  coefficients  as  follows: 

a.  Coefficient  of  power  (Cp): 

SHP  (550) 

c  - _  O' 

p 

oA(CR) * 
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b.  Coefficient  of  thrust  (Cp): 

GW  +  CABLE  TENSION’ 

C"p  m 

pA(flR)2 

c.  Advance  Ratio  (u) 


V  (1.687S) 
V  -  T  _ 


OR 


Where: 


SHP  ■  Engine  output  shaft  horsepower  (both  engines) 

p  »  Anbienc  air  density  (lb-sec2 /ft1*) 

A  »  Main  rotor  di9c  area  =  1809.56  ft2 

Q  *•  Main  rotor  angular  velocity  -  30.  26  radians 'sec 
(at  289  RPM) 

R  =  Main  rotor  radius  -  2<*.0  ft 
GW  ■  Gross  weight  (lb) 


V 

T 


True  airspeed  (kt)  » 


V 

K 


1-6878  /p/p„ 


1.6873  *  Conversion  factor  (f  t ''serV'fct 
p0  *>  0.0023769  (lb-sec2/ ft4) 


Vr  -  Equivalent  airspeed  (ft-'sec)  - 


V 

?. 


-1 


1/ 


70.7262  "  Conversion  factor  (lb'ft2/in.  Me) 


Qc  »  Dynamic  pressure  (in.  Hg) 

Pa  »  Ambient  air  pressure  (in.  Mg) 

For  a  rotor  speed  of  289  RPM  tbe  following  constants  were  used: 

DR  •  726.34  ft/sec 

A(.qR)2  =  9.54657879  x  108  ft^/sec2 

A(flR)3  -  6.934025959  x  10u  ft5/sec3 

4.  The  engine  output  shaft  torque  was  determined  by  use  of  the 
engine  torque  sensor.  The  power  turbine  shaft  contains  a  torque 
sensor  tube  that  mechanically  displays  the  total  twist  of  the 
shaft.  A  concentric  reference  shaft  is  secured  by  a  pin  at  the 
front  end  of  the  power  turbine  drive  shaft  and  is  free  to  rotate 
relative  to  the  power  turbine  drive  shaft  at  the  rear  end.  The 
relative  rotation  is  due  to  transmitted  torque,  and  the  resulting 
phase  angle  between  the  reference  teeth  on  the  two  shafts  is 
picked  up  by  the  torque  sensor.  These  torque  sensors  were  cali¬ 
brated  in  a  test  cell  by  the  engine  manufacturer  and  the  results 
of  this  calibration  are  presented  in  figures  l  and  2.  The  output 
from  the  engine  torque  sensor  was  recorded  on  the  on-board  data 
recording  system.  The  output  "H?  was  determined  from  the  engine 
output  shaft  torque  and  rotational  speed  by  the  following 
equation: 

2n(N  )0 
SHP  *  P 


Where : 

0  ■  Engine  output  shaft  torque  (ft-lb) 

Np  =  Engine  output  shaft  rotational  speed  (RPM) 
33,000  “  Conversion  factor  (ft-lb-'min)/SHP 


SHAFT  HORSEPOWER  AVAILABLE 

5.  Shaft  horsepower  available  for  the  YT700-GE-701  engine  in¬ 
stalled  in  the  YAH-64  was  obtained  from  data  received  from  the 
United  States  Army  Aviation  Research  and  Development  Command 
(AVRADCOM)  (ref  15,  app  A).  This  data  was  calculated  using  the 
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E8SINL .TO^JEMETEP-CA*  >  BRAT  ION 
T700-GE.-701  S/N  3/40D2 

POWER  TURBINE  SPEED 
■20,928  RRM 
20,500  ft'Pfo 


General  Electric  Engine  Deck  Number  81067  dated  4  May  1982  ;ith  a 
power  turhine  speed  of  20,962  kPM.  The  Installation  loser;  used 
were  based  on  a  1.0°C  engine  inlet  temperature  rise  In  a  nr-ver. 
In  forward  flight  an  Inlet  ram  recovery  ratio  equal  to  0.9957 
was  used  and  an  adiabatic  temperature  rise  at  the  inlet  referenced 
to  a  zero  degree  rise  in  a  hover  was  assumed.  These  data  are 
presented  in  figures  3  through  7  and  were  used  to  determine  the 
compliance  with  the  system  specification  (ref  11,  app  A)  for 
vertical  climb  and  level  flight  performance.  Although  the  power 
available  data  is  the  most  recent,  the  engine  deck  used  has  not 
been  formally  approved  by  AVRAPCOM. 

Hover  Performance 

6.  Hover  performance  was  obtained  by  the  tethered  hover  tech¬ 
nique.  Additional  free  flight  data  were  obtained  to  add  con¬ 
fidence  to  the  tethered  hover  data.  All  hover  tests  were  conducted 
in  winds  of  lees  than  3  knots.  The  tethered  hover  technique 
consisted  of  restraining  the  h.*licopLer  to  the  ground  by  a 
cable  in  series  with  a  load  cell.  An  increase  In  cable  tension, 
measured  by  the  load  cell,  was  equivalent  to  an  increase  in 
gross  weight.  Free-fllght  hover  tests  consisted  of  stabilizing 
the  helicopter  at  a  desired  height  using  the  radar  altimeter  as 
a  height  reference.  Atmospheric  pressure,  temperature,  and  wind 
velocity  were  recorded  from  a  ground  weather  station.  All  hovering 
data  weri  reduced  to  nondlmensional  parameters  of  Cp  arid  CT 
(equations  1  and  2,  respectively),  and  grouped  according  to 
wheel  height  and  average  density  altitude.  A  line  was  faired 
through  each  set  of  data.  Summary  hovering  performance  was  then 
calculated  from  these  nondlmensional  plots  using  the  power  avail¬ 
able  from  figure  4. 

Takeoff  Performance 


7.  Takeoff  peiformanc.e  was  determined  using  the  level  accelera¬ 
tion  technique  (para  10,  Results  and  Discussion).  Takeoff  testa 
were  conducted  to  obtain  data  of  climb-out  aiispeed  versus  dis¬ 
tance  required  to  clear  a  50-foot  obstacle.  These  data  were 
obtained  by  conducting  t  aeries  of  takeoffs  using  various  climb- 
out  airspeeds.  During  each  series,  ballast  was  added  as  necessary 
to  maintain  the  desired  excess  power  aval lable  as  fuel  was  con¬ 
sumed  and  ambient  temperature  varied.  A  Fairchild  Flight  Analyzer 
was  used  to  produce  a  photographic  record  of  time  and  horizontal 
and  vertical  distances  for  each  takeoff.  The  climb-out  airspeed 
ranged  from  approximately  20  to  55  knots  true  airspeed.  All 
takeoff  teats  were  performed  in  winds  of  3  knots  or  less. 
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8.  The  excess  power  method  of  takeoff  analysis  was  used.  For 
data  analysis  purposes,  power  required  was  determined  from  the 
5  foot  hover  curve  presented  in  figure  2,  appendix  E.  This  hover 
data  was  obtained  with  no  wing  stores  on  the  aircraft.  The  effect 
on  power  required  in  hover  of  8  or  16  HELLFIRE  missiles  was 
considered  insignificant.  Power  available  was  the  average 
horsepower  near  the  50-foot  wheel  height  point  during  the  climb 
portion  of  the  takeoff.  The  excess  power  at  the  5  ft  hover  was 
then  determine  as  follows: 

ACp  ■  Cp  —  Cp 

available  required  at  5  ft  hover 


The  takeoff  data  were  combined  three  dimensionally  as  distance 
required  to  clear  a  50-foot  obstacle  versus  ACp  and  climb-out 
true  airspeed.  All  dimensional  takeoff  performance  was  derived 
from  this  summary  plot. 


Forward  Flight  Climb  Performance 

9.  Two  series  of  climbs  were  conducted  to  determine  the  power 
and  weight  correction  factors  (Kp  and  Ky).  A  constant  rotor  speed 
and  predetermined  power  and  airspeed  schedule  were  used.  The 
climh  airspeed  schedule  was  determined  by  the  airspeed  correspond¬ 
ing  to  the  minimum  power  required  for  level  flight  based  on 
level  flight  performance  data.  To  obtain  Kp,  a  series  of  climbs 
was  flown  at  a  constant  gross  weight  from  1000  up  to  12,500  feet 
pressure  altitude  using  various  power  settings.  This  series  of 
climbs  was  corrected  to  a  constant  gross  weight.  For  Ky  another 
scries  of  climbs  was  flown  using  dual  engine  maximum  continuous 
power  at  various  gross  weights.  This  series  of  climbs  was  correct¬ 
ed  for  deviations  from  the  aim  power  schedule.  Power  and  weight 
correction  factors  were  determined  using  the  following  equations. 


a.  Power  correction  factor  (Kp): 


- 

- 

A  R/C 

GW 

x 

_ t___ 

ASHP 

33,000 

.  m 

. 

b.  Weight  correction  factor  (Ky): 

*w 


(R/C  -  R/C  ) 

(GW  )  (GW  ) 

2  1 

_ 1 _ 2 _ 

(SUP)  (33,000) 

GW  j  -  GW2 

(5) 


(6) 
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Where : 

AR/C  ■  Change  in  rate  of  climb  for  a  corresponding 
ASHP  change  in  SHP,  from  R/C  versus  SHP  curve, 
figure  12,  appendix  G. 

CWt  »  Test  gross  weight 

R/C],  GW]  -  Heavy  gross  weight  and  corresponding  rate  of  climb 
from  R/C  versus  GW  curve,  figure  13. 

R/C2,  GW2  -  Light  gross  weight  and  corresponding  rate  of  climb 
from  R/C  versus  GW  curve,  figure  13. 

33,000  *  Conversion  factor  (ft-lb/mln-SHP) 

10.  Power  corrections  were  applied  for  variations  in  airspeed 
from  the  climb  airspeed  schedule.  Any  deviations  from  this  minimum 
power  airspeed  were  corrected  by  the  following  equation. 


A 


R/C 


Where: 


(K  )(ASHP)(33,000> 

P 


GWC 


(7) 


ASHP  ■  Difference  in  level  flight  power  required  at  test 
conditions  between  the  test  airspeed  and  climb 
schedule  airspeed. 

Level  Flight  Performance 

11.  Level  flight  performance  was  determined  by  using  equations 
1,  2,  and  3.  Each  speed-power  was  flown  at  a  constant  Cj  and 
rotor  speed.  To  maintain  gross  weight  ratio  to  air  density  ratio 
(W/o)  constant,  altitude  was  increased  as  fuel  was  consumed. 
Test-day  level  flight  power  was  corrected  to  standard-day  condi¬ 
tions  by  assuming  that  the  test-day  dimensionless  parameters, 
Cp  ,  C-r  ,  and  u  were  independent  of  atmospheric  conditions, 
t  t 

Consequently,  the  standard-day  dimensionless  parameters  Cp  ,  Op  , 

s  s 
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and  ga  were  Identical  to  Cp  ,  Ct  ,  end  ut ,  respectively.  From 

t  t 

equation  1,  the  following  relationship  can  be  derived. 

SHPs  -  SHPt  Ps  (8) 

Pt 


Where: 

t  -  Test  day 
s  -  Standard  day 

12.  Curves  defined  by  the  power  required  as  a  function  of  airspeed 
were  plotted  as  Cp  versus  u  for  a  constant  value  of  C-£.  These 
curves  were  then  joined  by  lines  of  constant  p  to  form  a  carpet 
plot.  The  reduction  of  this  carpet  plot  into  a  family  of  curves 
Cf  versus  Cp,  for  a  constant  p  value  allows  determination  of 
the  power  required  as  a  function  of  airspeed  for  any  value  of  CT. 

13.  The  specific  range  (NAMPP)  data  were  derived  from  the  test 
flight  power  required  and  fuel  flow.  The  NAMPP  curves  were  obtain¬ 
ed  from  the  power  and  airspeed  from  the  level  flight  carpet  plot 
and  fuel  flow  from  the  engine  model  specification,  corrected  for 
installation  losses,  for  the  particular  conditions.  The  following 
equation  was  used  for  determination  of  NAMPP. 

V 

NAMPP  -  _I  (9) 

Wf 

Where: 

Vj  »  True  airspeed  (kt) 

Wf  m  Fuel  flow  (lb/hr) 

The  system  specification  endurance  missions  were  determined  based 
on  5  percent  conservatism  applied  to  the  fuel  flow. 

14.  Changes  In  Che  equivalent  flat  plate  area  (Afe)  for  various 
aircraft  configurations  were  calculated  by  the  following  equation: 

2( AC  )  A 

Af  .  P 
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Where : 

Afe  •  Change  in  equivalent  flat  plate  area  (ft2) 

ACp  ■  Change  in  power  coefficient  at  constant  Cj  and  y 

15.  The  total  electrical  power  consumed  by  the  test  aircraft  was 
measured  with  the  aircraft  on  the  ground  with  all  test  systems 
operational  and  Instrumentation  system  ON.  The  instrumentation 
Included  many  transducers,  signal  conditioning  equipment,  a 
magnetic  tape  recorder  and  telemetry  equipment.  The  total  elec¬ 
trical  power  required  by  the  test  aircraft  was  1.2  kilowatts 
which  equates  to  1.6  horsepower.  The  environmental  control  unit 
(ENCU)  was  operated  for  all  flights  at  a  level  for  pilot  and 
copilot  comfort.  This  unit  consumes  a  variable  amount  of  power 
through  the  shaft  driven  compressor.  The  drag  due  to  the  aircraft 
configuration  differences  presented  in  table  1.  appendix  B  were 
not  considered  in  any  of  the  data  in  this  report.  Also  no  correc¬ 
tions  for  the  power  consumed  by  the  ENCU  or  electrical  equipment 
installed  in  the  test  aircraft  were  made. 

Autorotat ional  Descent  Performance 


16.  Autorotational  descent  performance  data  were  acquired  at 
various  stabilized  airspeeds  with  rotor  speed  held  constant  and 
at  various  rotor  speeds  at  constant  airspeed.  The  tapeline  rates 
of  descent  were  calculated  by  the  following  equation. 


R/D  tapellne 


(ID 


Where : 

dH  ■  Change  in  pressure  altitude  per  given  time  (ft/sec) 

_ E 

dt 

Tt  -  Test  ambient  air  temperature  (°K) 

Ts  »  Standard  ambient  air  temperature  (“K) 
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HANDLING  QUALIT1 K S 


17.  Stability  and  control  data  were  collected  and  evaluated  using 
standard  teat  methods  as  described  in  reference  14,  appendix  A. 
The  Handling  Qualities  Rating  Scale  presented  in  figure  8  was 
used  to  augment  pilot  comments  relative  to  handling  qualities. 
Turbulence  reporting  criteria  (ref  19,  app  A)  used  during  this 
evaluation  are  presented  In  table  I. 


VIBRATION 

18.  The  vibration  data  were  reduced  by  means  of  a  fast  Fourier 
transform  from  the  analog  flight  tape.  Vibration  levels,  repre¬ 
senting  peak  amplitudes,  were  extracted  from  this  analysis  at 
selected  harmonics  of  the  main  rotor  frequency.  The  Vibration 
Rating  Scale,  presented  in  figure  9,  was  used  to  augment  crew 
comments  on  aircraft  vibration  levels. 


AIRSPEED  SYSTEM  CALIBRATION 


19.  The  boom  airspeed  system  was  calibrated  by  using  a  pace 
aircraft  and  by  the  trailing  bomb  method  to  determine  the  airspeed 
and  altimeter  position  error.  Calibrated  airspeed  and  pressure 
altitude  were  obtained  by  correcting  indicated  values  for  instru¬ 
ment  error  and  position  error  (fig.  1,  app  C).  Altitude  position 
error  was  calculated  using  the  airspeed  position  error  and  assum¬ 
ing  all  errors  were  introduced  at  the  static  port  using  the 
following  equation, 


+  0.7 

Where : 


(?)T  m 


1  +0.2 


APp  “  Static  position  error 

Pa  «  Atmoshperhlc  pressure  at  standard-day  sea  level 
o 

Vjc  *  Instrument  corrected  indicated  airspeed 
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Tabic  I*  Turbulence  Report la*  Criteria 


‘Based  upon  the  Subjective  Vibration  Assessmem  ScaJe  developed  by  the  Aeroplane  and 
Armament  Experimental  Establishment.  Boscombc  Down.  England. 


a0  -  Speed  of  sound  at  standard-day  sea  level 
AVpC  -  Measured  airspeed  position  error. 

DEFINITIONS 

20.  The  follow!'..  .'itions  of  deficiencies  and  shortcomings 
were  used  during  i  :>  valuation. 

a.  Deficiency  -  ..  defect  or  malfunction  discovered  during  the 
life  cycle  of  an  item  of  equipment  that  constitutes  a  safety 
hazard  to  personnel;  will  result  in  serious  damage  to  the  equip¬ 
ment  if  operation  Is  continued;  or  indicates  Improper  design  or 
other  cause  of  failure  of  an  item  or  part,  which  seriously  impairs 
the  equipment's  operational  capability. 

b.  Shortcoming  -  An  imperfection  or  malfunction  occurring 
during  the  life  cycle  of  equipment  which  oust  be  reported  and 
which  should  be  corrected  to  increase  efficiency  and  to  render 
the  equipment  completely  serviceable.  It  will  not  cause  an  Immed¬ 
iate  breakdown,  jeopardize  safe  operation,  or  materially  reduce 
the  useability  of  the  material  or  end  product. 
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APPENDIX  F.  EQUIPMENT  PERFORMANCE  REPORTS 


The  following  EPR*  were  eubmltted. 


Number  Subject 

80-17-3-1  Pneumatic  system  check  velve  broken* 

80-17-3-2  Suspected  fuel  siphoning  with  APU 

80-17-3-3  Heeding  end  Attitude  Reference  Set  ellgnment 
80-17-3-4  Hein  transmission  oil  filter  buttons  popping* 
80-17-3-5  Stsbiletor  pivot  bushing  feiluree* 

80-17-3-6  No.  1  Engine  nose  gear  box  chip  light* 

80-17-3-7  Dummy  TADS  cover  blew  off* 

80-17-3-8  No.  2  Engines  Ng  engine  out  warning  activation 

80-17-3-9  No.  3  Hein  rotor  blade  trailing  edge  delamlnetlon* 

80-17-3-10  Trailing  edge  delamlnetlon  of  all  four  main  rotor 
blades* 

80-17-3-11  No.  2  Engine  nose  gear  box  chip  light* 


*Corrective  action  taken  during  test  program 
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APPENDIX  G.  ABBREVIATIONS 


A 

AC 

ADS 

app 

APU 

AVRADCOM 

A&FC 

BL 

BUCS 

C 

CAS 

eg 

cP 

CPG 

Cif 

DASE 

DASEC 

DC 

deg 

DT 

EADI 

ECU 

EDT 

ENCU 

EPR 

ETL 

ETP 

F 

fig. 

FS,  fs 
ft 
8 

OCT 

GE 

GW 

HARS 

HAS 

HHI 

HMU 

Hp 

HQRS 

Hz 

IGE 


Speed  of  Sound 

Main  Rotor  Disc  Area  (ft2) 

Alternating  Current 
Air  Data  System 
Appendix 

Auxiliary  Power  Unit 

US  Army  Aviation  Research  and  Development 
Command 

Airworthiness  and  Flight  Characteristics 
Butt  Line 

Back  Up  Control  System 
Celsius 

Command  Augmentation  System 
Center  of  Gravity 
Centerline 

Coefficient  of  Power 
Copilot/Gunner 
Coefficient  of  Thrust 

Digital  Automatic  Stabilization  Equipment 
Digital  Automatic  Stabilization  Equipment 
Computer 
Direct  Current 
Degree 

Development  Test 

Electronic  Attitude  Direction  Indicator 
Electrical  Control  Unit 
Engineer  Design  Test 
Environment  Control  Unit 
Equipment  Performance  Report 
Effective  Translational  Lift 
Experimental  Test  Procedure 
Fahrenheit 

Equivalent  Flat  Plate  Area 
Figure 

Fuselage  Station 
Feet 

Acceleration  of  Gravity 
Government  Competitive  Test 
General  Electric 
Gross  Weight 

Heading  and  Attitude  Reference  System 

Hover  Augmentation  System 

Hughes  Helicopters  Incorporated 

Hydromechanics!  Unit 

Pressure  Altitude 

Handling  Qualities  Rating  Scale 

Hertz 

In-Ground  Effect 
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IMC 

in. 

IR 

IRP 

KCAS 

KIAS 

KTAS 

Kp 

*W 

LED 

LEU 

LB/lb 

LVDT 

NAMPP 


NOE 

% 

NP 

Nr 

OGE 

P 

PCM 

PNVS 

PQT-G 

psia 

psig 

PVT-G 

Q 

R 

R/C 

R/D 

ref 

RPM 

SAS 

SCU 

SDC 

aec 

SHP,  ahp 

S/N 

T 

TADS 

TGT 


USAAEFA 


^cal 


VDC 


VE 

VH 


Instrument  Meteorological  Conditions 

Inches 

Infrared 

Intermediate  Rated  Power 
Knots  Calibrated  Airspeed 
Knots  Indicated  Airspeed 
Knots  True  Airspeed 
Power  Correction  Factor 
Weight  Correction  Factor 
Leading  Edge  Down 
Leading  Edge  Up 
Pound 

Linear  Variable  Differential  Transformer 
Nautical  Air  Miles  Per  Pound  of  Fuel 
(specific  range) 

Nap  of  the  Earth 
Gas  Generator  Speed 
Power  Turbine  Speed 
Main  Rotor  Speed 
Out-of-Ground  Effect 
Pressure 

Pulse  Code  Modulation 
Pilot  Night  Vision  System 
Prototype  Qualification  Test -Government 
Pounds  per  Square  Inch,  Absolute 
Pounds  per  Square  Inch,  Gauge 
Production  Validation  Test-Government 
Engine  Output  Shaft  Torque 
Radius  (ft) 

Rate  of  Climb 
Rate  of  Descent 
Reference 

Revolutions  Per  Minute 
Stability  Augmentation  System 
Stabllator  Control  Unit 
Shaft  Driven  Compressor 
Second 

Shaft  Horsepower 
Serial  Number 
Temperature 

Target  Acquisition  and  Designation  System 
Turbine  Gas  Temperature 

US  Army  Aviation  Engineering  Flight  Activity 

Calibrated  Airspeed 

Volts  Direct  Current 

Equivalent  Airspeed 

Maximum  Horizontal  Velocity 

Airspeed  Instrument  Error  Correction 


259 


Vi„ 

VMC 

valn  R/D 

VNE 

vpc 

vT 

VRS 

WL 


Indicated  Airspeed 

Visual  Meteorological  Conditions 

Optimum  Airspeed  for  Maximum  Rate  of  Descent 

Never  Exceed  Airspeed 

Airspeed  Position  Error  Correction 

True  Airspeed 

Vibration  Rating  Scale 

Water  Line 

Fuel  Flow  Rate 


Greek  and  Miscellaneous  S; 


u 

p 

0 

ft 

1/rev 

2/rev 

4/rev 

8/rev 

♦ 


Incremental  Change 

Advance  Ratio 

Air  Density  (slugs/ft3) 

Air  Density  Ratio 

Main  Rotor  Angular  Velocity  (radlans/sec) 

1st  Harmonic  of  the  Main  Rotor 

2nd  Harmonic  of  the  Main  Rotor 

4th  Harmonic  of  the  Main  Rotor 

8th  Harmonic  of  the  Main  Rotor 

Main  Rotor  Blade  Azimuth  Position 
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Deputy  Chief  of  Staff  for  Logistics  (DALO-SMM,  DALO-AV)  1 
Deputy  Chief  of  Staff  Operations  (DAMO-RQ)  1 
Deputy  Chief  of  Staff  for  Personnel  (DAPE-HRS)  1 
Deputy  Chief  of  Staff  for  Research  Development  and 

Acquisition  (DAMA-PPM-T,  DAMA-RA,  DAMA-WSA)  3 
Comptroller  of  the  Army  (DACA-EA)  1 
US  Army  Materiel  Development  and  Readiness  Command 

(DRCDE-SA,  DRCQA-E ,  DRCDE-I ,  DRCDE-P)  4 
US  Army  Training  and  Doctrine  Command  (ATTG-U,  ATCD-T, 

ATCD-ET,  ATCD-B)  4 
US  Army  Aviation  Research  and  Development  Command 

(DRDAV-DI,  ORDAV-EE,  DRDAV-EG)  10 
US  Army  Test  and  Evaluation  Command  (DRSTE-CT-A, 

DRSTE-TO-O)  2 
US  Army  Troop  Support  a.id  Aviation  Materiel  Readiness 

Command  (DRSTS-Q)  1 
US  Array  Logistics  Evaluation  Agency  (DALO-LEI)  1 
US  Army  Materiel  Systems  Analysis  Agency  (DRXSY-R,  DRXSY-MP)  2 
US  Army  Operational  Test  and  Evaluation  Agency  ^CSTE-POD)  1 
US  Array  Armor  Center  (ATZK-CD-TE)  1 
US  Army  Aviation  Center  (ATZQ-D-T,  ATZQ-TSM-A, 

ATZQ-TSM-S,  ATZQ-TSM-U)  4 
US  Army  Combined  Arms  Center  (ATZLCA-DM)  1 
US  Array  Safety  Center  (IGAR-TA,  IGAR-Library)  2 


US  Army  Research  and  Technology  Laboratories/Aeromechanics 


Laboratory  (DAVDL-AL-D)  1 

Defense  Technical  Information  Center  (DDR)  12 

US  Military  Academy  (MADN-F)  1 

US  Army  Research  and  Technology  Laboratories/Applied 

Technology  Laboratory  (DA'/DL-ATL-D,  DAVDL-Library)  2 

US  Army  Research  a.;d  Technology  Laboratories /Prop lusion 

Laboratory  (DAVDL-PL-D)  1 

US  Army  Research  and  Technology  Laboratories 

(DAVDL-AS,  DAVDL-POH  (Library))  2 

mtmc-tea  (mtt-trc)  1 

ASD/APXT  1 

Advanced  Attack  Helicopter  Program  Manager 

(DRCPM-AAH-SE.  DRCPM-AAH - APM-TE )  6 

US  Army  Operational  Test  and  Evaluation  Agency 

(CSTE-TM-AV)  1 

General  Electric  -  AEG  (Mr.  Koon)  1 

US  Army  Materiel  System  Analysis  Agency  (DRXSY-AAS)  1 

Hughes  Helicopters  (Gerry  Ryan)  3 

US  Army  Missile  Command  (DRCPM-HDT-T)  1 

Foreign  Science  Technology  Center  (DRXST-BA)  1 


